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NEW GERMAN FIRST-CLASS BATTLE- 
SHIP “KAISER FRIEDRICH III.” 

We present a very_realistic illustration of the latest 
type of battleship designed and built for the German 
nav The vessel shown is one of a 
class of four ships, three of which, the 


THE 


“Kaiser Friedrich II1I.,” the * Kaiser 
Willielm I1.,” and the * Ersatz Koénig 
Wilielm,” have been launched, and 
are now receiving their finishing 
touches before undergoing the govern- 
men trial, while two others have been 


commneneed. They are of special in- 
tere-! as representing the latest ideas 
of t:e German naval architects as to 
wh: constitutes the best combination 
of fi. hting qualities in a first-class mod- 
ern warship. It is only of late years 
tha’ the Germans have thrown theim- 
sely.s into the work of naval con- 
stri.‘tion with an earnestness and on a 
sca'» commensurate with their wealth 
anv vast resources, and it must be con- 
fes-.d that in their latest ships, as 
shown in this year’s programme of 
construction, they are fully abreast of 
the foremost naval designers of the 
wor'd. 

The effeetive list of the German 
navy includes the name of only one 
shi}, the ‘‘ Kinig Wilhelm,” that was 
lauuched prior to the Franco German 
war. The present German navy has 
grown up entirely under the Emperors, 
and to none of them is its standing due 
so inuch as to the present Emperor, 
William II. At the outbreak of the war of 1870 there 
were but five ironclads opposed to the formidable 
French navy, one of which, the “ Kénig Wilhelm,” 
still survives, and, indeed, has only recently been re- 
constructed and armed with a powerful battery of 






‘KAISER FRIEDRICH III.” 


modern rapid-fire guns. During the decade 1870-1880, 
there were added to the German navy four battleships, 
carrying acentral citadel and a continuous belt, and the 
four partially belted battleships of the ‘‘ Saxon” class, 


vessels of between seven and eight thousand tons dis- 
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placement and fourteen knots speed. There were also 
constructed eleven small coast defense vessels of about 
1,100 tons displacement and 10 knots speed, each carry- 
ing a 12-inch gun in the bow. In the following decade, 
1880-1890, things were at a very low ebb in the German 
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FOUR BATTLESHIPS. 








navy, the upbuilding of her magnificent army monopo- 
lizing the attention of the government. Only one 
small battleship and a few gunboats and cruisers being 
added to the navy. The most important of the cruisers 
were the protected vessels ‘* Irene” and ‘‘ Prinzess Wil- 
helm,” of 4,400 tons, and 19°8 and 18°7 
knots speed respectively, launched in 
1887. With the advent of the present 
Emperor to the throne, a brighter era 
dawned on the German navy ; for the 
young Kaiser, who, like his brother 

enry, is a thorough sailor at heart, 
at once set himself with his character- 
istic energy and perseverance to the 
task of awakening the German people 
to a sense of the importance of their 
maritime interests and the necessity 
for a navy adequate to their protec- 
tion. For the first few years of his 
reign he was confronted either by 
stolid indifference or active and bitter 
opposition ; but of late years he has 
succeeded in carrying through his 
policy with very flattering and encour- 
aging success. In the early part of his 
reign four powerful and effective bat- 
tleships known as the ‘‘ Brandenburg” 
class were added to the navy, and 
eight vessels of the ‘* Siegfried” type 
were built for the defense of the coast, 
while of late years the cruiser classes 
have been enlarged by the construc- 
tion of the ‘ Kaiserin Augusta,” * Ge- 
fion,” and the very excellent ships of 
the * Hertha” type. 

It was last year, however, that the 
German Emperor scored his most de- 
cisive triumph in the passing of what is known as the 
Naval Septennate programme, which is so named be- 
cause it is patterned after the system adopted for the 
army. It provides for what is actually the construe- 
tion of a completely new navy, the work upon and cost 
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Displacement, 11,130 tons. 


twelve 3% 


THE NEW GERMAN 


Speed, 18 knots, Normal — mnpply 650 tons. Armor: Belt, 1134 inches; gun potion, 934 to 6 inches; 
inch rapid-firers, eight machine guns, 








FIRST-CLASS BATTLESHIP * 


Torpec 0 tubes, 6 (5 submerged), 












KAISER FRIBDRICMm ii.” 


deck, 3 inches. 
Complement, 655. Date. 


Armame! at, four 9°4-inch rapid-firers, eighteen 5°9-inch rapi i-firers, 
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of which is to extend over a period of seven years. BRITISH COAL SUPPLIES.* cent. of volatile matter, and again from 30 to 40 
According to the bill, the strength of the navy is to be By T. Fors B cent. of volatile matter, also thick seams of best quality sent © 
raised to 17 battleships, 8 coast defense vessels, 9 large oS ee ee existing at great depths, steep inclinations, and so op, and al 
. . : s . > . . ‘ : . ears, 
cruisers, and 26 smaller cruisers. This will nevessitate THE writer's apology for bringing thisysubject before so that practically, while certain coal fields of the worl y 
the construction of 7 new battleships, 2 large and 7 the Society of Arts is his desire to enlist the assistance produce coal of exceptional quality, such as the steay near ( 
small cruisers, and a large number of gunboats and of its members in inducing politicians and the public coal of South Wales, the gas and bituminous coals of the r 
torpedo boats, which must be built from time totime generally to consider and deal with the material and Durham and the Midlands, the furnace coal of Seot. 5,000, 
to replace worn-out vessels which will be removed from important problems which underlie the coal question, land, the cannel coal of Lancashire, the anthracite ang has be 
the active list. The total cost contemplated by the with the primary object of providing, if practicable, a semi-anthracite coals of Pennsylvania and the Pitts. in late 
Septennate bill is $103,000,000, and all of the ships are remedy for, or counterpoise to the effect of, tne future burg region of the United States, and the coal of the best s: 
to be commissioned by the close of the year 1904. increasing cost of our supplies of fuel. Westport coal field of New Zealand, which last name Any 
At the commencement of the present year, as will be This future increased cost of coal, reacting upon the _ is a deposit of Cretaceo-Tertiary age, nearly every cog) eT 
seen by reference to the comparative estimate of the whole of our manufacturing industries, will undoubt- field contains a considerable proportion of compara. athe 
various navies of the world, published in the ScIkN- edly land the nation in serious financial and political tively inferior deposits, and many coal fields, more par. = on 
TIFIC AMERICAN of December 31, 1898, the strength of difficulties, if remedial measures are not adopted, and __ ticularly those which are of a more modern geologica| of 2.( : 
the German navy, including all vessels actually com- these measures, to be of value, should be inaugurated age than the Carboniferous period, do not contain any ay 
menced in the yards, was as follows: 19 battleships, 1 during the period when the possession, of good and of the most valuable coal deposits. Therefore, in tak. ; ye 
armored cruiser, 12 protected cruisers, of between 2.000 cheap fuel enables the nation to maintain its commer- ing the measure of the extent and resources of our cog} the of 
and 7,000 tons displacement, and 22 small cruisers and cial prosperity. supplies, it becomes of importance that we should have te : 
gunboats—a total of 73 vessels and an aggregate dis- I will not attempt to dwell upon the origin and na-_ all the circumstances in our minds before attempting . al 
placement of 299,637 tons. ture of coal, but proceed at once tothe main problems _ to generalize as to the real value and extent of our coal —_ 
At present the strength of the United States navy, I desire to direct attention to, and, shortly stated, they resources, what proportions are good and chvaply es 
reckoned by displacement, is a few thousand tons are: worked and what proportions are of less value. anj ori 
greater than that of Germany, and, as our pres- 1. That while we have in Great Britain large un- under existing conditions not capable of maintaining Asa 
entrate of construction is greater, it is probable we worked coal resources, sufficient probably to maintain such a supply of cheap and high class fuel as wi'! en. feet | 
shall increase our lead over that navy steadily as the arate of working exceeding our present annual output able our industries and manufactures to compete sue. fr mv 
years pass by. ‘ for 300 years, or thereabout, we are now rapidly ex- cessfully with the products of countries which possess — s 
The most important ships of the new programme  hausting the cream and cheapest of these resources; better fuels which are worked at a cheaper cost. the ) 
are, of course, the battleships of the ‘‘ Kaiser Friedrich and in 50 years or thereabout the greater part of the Taking all the circumstances into consideratior., the 1,806 
III.” class. They are to be compared with such vessels most valuable of our coal supplies will have been ex- author of this paper estimates that of the best and a Ol 
as the “ Maine,” of our own navy, the British ‘‘Magnifi- hausted, except only such as can be worked atagreatly cheapest of the coal supplies of Great Britain ‘here the Fert 
cent,” the French ‘‘Charlemagne,” the Italian ‘“‘Re increased cost, which cost, after half a century, will originally existed about 20,000,000,000 tons, existing at Ti 
Umberto,” and the Japanese ‘* Fugi.” rapidly increase. a less depth than 2,000 feet below the surface, and that wint it 
The displacement of 11,130 tons is very moderate, 2. That the United States of America possess far there may be probably still remaining at the e:d of samclit 
judged by contemporary practice, being about equal more extensive coal fields than those of Great Britain, 1899 about 15,000,000,000 tons of this quantity, the bulk = ie 
to that of the “Charlemagne,” 1,000 tons less than that and that country already produces coal at a somewhat of which he estimates will be exhausted by the m ddle Sened 
of the “‘ Fugi,” 1,400 tons less than the ‘** Maine,” 2,700 cheaper cost than we do, and so far as physical condi- of the next century, leaving about 67,000,000,000 tons came . 
tons less than the ‘** Re Umberto,” while the ‘‘ Majestic” _ tions affect the cost, will continue to produce cheaply of coal still availabie, sufficient to supply 250,0: ),000 aeons ''6 
exceeds it by 3,700 tons. In comparison with her dis- for a far longer period than we can. With the exhaus- tons a year output for upward of 250 years, but .om- ine @ 
placement, her armament is unusually powerful. tion, vherefore, of the cream of our coal fields, and prising coal either of inferior quality or best coa' ob- the # 
The Germans were among the first to give up the when we shall have nothing left but our more costly tainable at a greater cost per ton than at present pre- Wg 
construction of the abnormally heavy gun and turn to coal to work, the American competition will become of | vails, owing to physical disadvantages by reascn of ried on 
weapons of more convenient dimensions. Thus, inthe far more serious import to this country in all our com- — ete. out. ar 
ships of the “ Brandenburg” type, they were conteut mercial relations than it is likely to bein the imme- he present depths at which our coal mining 0) era- eon: iti 
to use an 11-inch gun for the main armament atatime diate future. tions are carried on are comparatively shallow. ‘1 |iere prec. & 
when other nations were using 13 and 13-inch guns 3. The large coal fields of Russia and China, when are some few collieries working at depths between °',000 i“ od 
for this purpose. In the latest battleships they have still further developed, will also become serious additional to 2,500 feet, but the average depth below the su: ‘ace wit! ti 
farther reduced the dimensions and weightof the heavy factors in competition with us in the future. from which our existing coal supplies are obtained will aon a 
guns, for the * Kaiser Friedrich III.” does not carry Upon the first question of the coal supplies of Great not exceed probably from 750 to 850 feet ; this average aceite 
a larger caliber than 9°5 inches, four guns of this size, Britain, 1 cannot do better than follow Prof. Hull’s depth will increase gradually, and it is apparent ‘hat acti 
placed within 9°g-inch turrets, two forward and two (than whom I know no better authority) careful esti- when the average depth exceeds 1,000 feet, and still . a 
aft, constituting the main battery. The moderate di- mate of the approximate quantity of workable coal more when the average exceeds 2,000 feet, and so on, The 
mensions, however, are more than compensated for by which will remain unworked at the end of the present the causes which enhance the cost of working due to of « sli 
the fact that the guns are of the rapid-fire type, and century down to a depth of 4,000 feet below the sur- extra depth will come more and more into operatio:. field. a 
deliver a 474-pound projectile with a muzzle energy of face, which is the probable utmost limit of depth nt Up to the present, the altered conditions due to the res 
17,840 foot-tons anda penetration of 231g inchesof steel. which it will be practicable to work coal. he re- higher temperatures, and increased cost of working pr <im 
In the secondary battery there are thirty rapid-fire . sources exist in six large coal fields and a small quan- due to depth and temperature, have naturally not wanCe 
guns of the larger sizes, namely, eighteen 59-inch rapid- tity in Ireland, plus some small addition due to an ex- made themselves apparent. Four thousand feet has bulk al 
fire guns, each in*a separate turret or casemate, and tension of the coal measures between Dover and Bath. generally been considered the ultimate limit in depth lieries 
twelve 3°3-inch rapid-firers, protected by revolving These coal fields and their estimated resources in forall coal working. It is doubtful. even if this limit by ree 
shields. The ship also carries some twenty or so 1- seams of two feet and upward in thickness down to a can be attained, but if it is, it will be only at a very the 
pounders and machine guns, which are distributed depth of 4,000 feet, as given by Prof. Hull, are as fol- high cost of working, probably more than double the bevin't 
in advantageous positions throughout the bridges and ows: cost of working which now prevails, owing to the re- saree @ 
military tops. 1. The Midlands, extending intothe counties of York, duction in the useful effect of labor in high tempera- anne ij 
Our readers will observe, on studying the engraving Derby, Nottingham, Stafford, Leicester,and Warwick. tures and the large consumption of power in raising turv, a 
and diagram of the ship, that the Germans have paid From this district, house, manufacturing, and steam from great depths. be utili 
particular attention to the important question of wide coals are chiefly produced. Estimated resources, 35,- Probably it will take 50 years before the general aver- effect c 
distribution of the guns. In view of the large area of 000,000,000 tons. age depth of working the annual coal supply of ‘his ing por 
destruction of a bursting shell, it is evident that the 2. The Great Northern, extending over portions of country exceeds 1,500 feet; but it follows that as the It ms 
various guns with their gun detachments or crews the counties of Northumberland, Durham, and Cum- average exceeds 1.500 feet, a constant but steady in- atime! 
should be as widely scattered throughout the shipas  berland, chiefly the two first named counties. House crease in cost of working must set in. of our? 
possible, with a view to limiting the destructive action and gas coals of the best quality and steam and manu- The cost of working coal in this country has for many purpos 
of any oneshell. It seems to us that the German naval facturing coals are produced. Estimated resources, 6,- years past been an increasing one, irrespective of »hy- mate p 
architects have worked out this problem with excel- 000,000,000 tons. sical causes, and at the present time there is no indica- tween | 
lent results. It will be seen that the larger rapid-fire 3. The Northwestern, comprising Lancashire, East tion that this gradual increase of cost will not continue if all o 
guns are not only carried at four different stages of Cheshire, ete. House, gas, and manufacturing coals. to operate. The causes are chiefly the increased cost hence 
elevation above the water, but they are widely sepa- Estimated resources, 11,000,000,000 tons. ; of labor, the extra and increasing burden of rates and 50.000. 0 
rated from each other on each deck. The lowest guns 4. Western group, comprising Bristol, Somerset. and taxes, and the larger colliery staffs and improvements ticable 
are the two 9°4-inch rapid-firers on the after turreton Forest of Dean. House and second class steam coals. necessary to meet the various requirements of the (‘oal not. to 
the main deck and the four 59-inch which are carried Estimated resources, 2,000,000,000 tons. Mines Regulations and Workmen’s Compensation Acts. people 
in casemates, two forward and two aft on the same 5. The Welsh, comprising South Wales, including But so far as cost is affected by natural causes, depth, I ma 
deck. On the spar deck, above, are six 5°9-inch in tur- Monmouthshire, Denbigh, and Flint. Steam, house, thickness of seam, and quality, I think that it will bea Aenotia 
rets on the broadside and eight 59-inch guns incase- gas, and manufacturing coals. Estimated resources, reasonable supposition that a moderate cost will pre- coal Is 
mates, the latter being placed four forward and four  20.000,000,000 tons. vail for another 50 years, at the end of which ee follows 
aft. Forward in a turret on the superstructure deck, 6. The Scotch, comprising the series of coal basins physical causes will begin to operate which will have 
and thirty feet above the water, is the remaining which extend across Scotland from Ardrossan to the the effect of steadily increasing the cost until it reaches Gre 
pair of the 94-inch rapid-fire rifles, and ten 33-inch Firth of Forth. Gas, steam, manufacturing. smelting, such a figure as to render profitable mining operations Un 
rapid-firers are carried at the same height, some in and smith’s coals, Estimated resources, 8,000,000,000 impossible, and this limit is believed to be about 4,(00 Ru 
broadside, and others astern on the same deck, while tons. feet below the surface. Ch 
yet another pair of 3°3-inch guns is mounted on the The Irish coal fields are estimated to contain of visi- It may be argued that with our increasing cost Means Get 
upper bridge at a height of 46 feet above the water ble and concealed coal to the extent of some 155,000,000 will be provided to reduce that cost with improved Bel 
line. The concentration of fire is tremendous, consist- tons, making the total available coal resources in the mechanical appliances, etc. This alternative, however, Ind 
ing of two 94-inch, eight 59-inch and six 33-inch year 1900 about 82,000,000,000 tons. will not bear investigation, for, as time goes on, al- Fre 
ahead; four 9°4-inch, nine 59-inch, and six 3°3-inch on The conditions which regulate the value of the coal though undoubtedly improvements will take place in 
either beam; and two 9°4-inch, eight 59-inch and four resources of all coal fields are many and various: the mechanical appliances, in the application of labor for To @ 
88-inch astern. The belt armor varies in thickness thickness of the seams, their depth below the surface, ‘‘getting” thin seams, in hauling, and in the manipu- in vark 
from 1194 inches amidships to 6 inches at the ends; the friability or otherwise of the roofs and floors of the lation of the coal when it arrives~at the surface, ae. iu 
while the armor on the main turrets is 934 inchesin seams, the inclination of the seams of coal, the dry or these improvements will equally apply to the opera- oat 
thickness, and on the smaller turrets and casemates6 watery nature of the strata associated with the coal _ tions of pe er meno in other countries, and will still Oure 
inches. The boiler plant will be made up of acom- beds; and the coal itself, its friability, the proportion leave unsolved the comparative increase of cost due to land. ai 
bination of cylindrical and Thornyecroft boilers, while it contains of carbon and hydrogen and other volatile great depth and high temperature and increased cost some 
the vessel will be driven by triple screws at a speed of matter and its comparative freedom from indestructi- in the working of thin seams in competition with the Russia 
eighteén knots per hour. ble ash and sulphur. working of thick seams, and to a certain proportion of it will t 
Of course, where so inuch displacement has been al- It follows that while one coal field or part of a coal coal having to be worked of inferior quality and of !ess are th 
lotted to the batteries and necessarily large ammuni- field may be extremely valuable, owing to the measures evaporative power. 4 sec uent 
tion supply for rapid-fire guns, we must expect that lying nearly horizontal and at no great depth below At present the greater part of our coal output is sible in 
some other elements in the ship have been sacrificed. the surface, the great thickness of certain seams, their being worked from collieries possessing the thicker and very an 
We could wish, for instance, that the side armor had high quality, and the general favorable conditions for more valuable seams lying at comparatively shallow on 
been carried up to the main deck, and that the bases working, etc., another coal field, or another portion depths below the surface; and we shall certainly, 2. Wi 
of the main turrets were protected by barbettes, as of the same coal field, may be of little value, owing within ‘the next 50 years, see an appreciable diminu- States 
is the practice in our own and in the British navies, to the seams existing at great depths, involving heavy tion of output, owing to approaching exhaustion of Britain 
and we think that in astand-up fight between the pumping, being thin, lying at steep gradients, contain- these collieries, and there remains at present com) ar- hoceatl 
‘** Maine” and the * Brandenburg,” the latter would be jing too much or too little volatile matter, or too much _ atively few unlet mineral tracts in this country, except market 
at a great disadvantage in this respect. Nevertheless, dirt and refuse in the form of ash and sulphur, making where the coal lies at a great depth. } Amer 
we must confess to considerable admiration for these jt impossible to work such inferior seams of coal in com- Of course, the duration of what at present remains fields e: 
magnificent fighting ships. They haveatremendous petition with the best coals. of the cheaper and best coal seams depends upon the vided 
rapid-fire battery, an unusual end-on fire, a wide sepa- More clearly defined, the most valuable part of any rate of output, but the period of exhaustion must livers i 
ration of the guns, and a great command, features existing coal field in this or other countries comprises sooner or later arise. cheap « 
which should render these ships very effective fighting  seains of upward of three feet in thickness of coal, con- Summarizing our coal resources, we have—in se:ms back of 
machines if properly handled. taining from 12 to 30 per cent. of volatile matter,and of 2 feet and upward in thickness, within a depti) of guard i 
—_ = in the case of certain anthracite down to 6 per cent., 4,000 feet below the surface—an estimated available market: 
Ground oyster shells were given by the medieval doc- and leaving a residuum after burning of from 2 to 5 uantity of coal (visible and concealed), including the Awerks 
tors to children suffering from rickets and scrofula. Now per cent, of ash and from 0°50 to 1 per cent. of sulphur, rish coal fields, of 82,000,000,000 tons. : : Neve 
it appears that they were right. The shells contain which seams are deposited upon an easy inclination Now, it may be well to inquire how far is this t« tal direetio 
lime, nitrogen, iron, sulphur, manganese, magnesia, and with good roofs and floors. While the less valua- of 82,000,000,000 tons, which is sufficient, at our exist- cheap ¢ 
flour, bromide, phosphoric acid, and iodine, all excel- ble seams of coal fields contain coal seams fromtwofeet ing rate of aye to supply the requirements of Great ception 
lent for feeble children. They say that if growing and upward in thickness, containing from 5 to 12 per Britain for at least 300 years, available at a reasonable earring 
children were to take powdered oyster shells in their ———— _—_<—<$<$<$$——————— cotr one-fou 
food, the teeth would be improved. * Paper read before the Society of Arts, London, April 19, 1899. To begin with, from the commencement of the pre for siw 
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sent century, and previously, coal has been worked, 
and at an increasingly rapid rate during the last 25 
years, from the thickest seams of best quality existing 
near the outcrop and down to a moderate depth below 
the surface, and the Ss already worked exceeds 
5,000,000,000 tons.- The good coal near the outcrops 
has been already practically exhausted, and deep pits 
in later years have been necessary to win some of the 
best scams. 

Anyone who is practically acquainted with coal 
mining is aware that with this increasing depth there 
js a distinet increase in the cost of working, and if all 
our coal at the present day was produced from a depth 
of 2,000 feet, it would be much more costly than is our 
averaze present cost of working. 

Once a depth of 2,000 feet or thereabout is reached, 
the e(fects of the increase in temperature and pressure 
due to depth begin to operate, in addition to the cost 
of the inereased power required, and of course increased 
dept!: means greater capital outlay, and the interest 
upon this inerease of capital also becomes a fresh 
char,e upon the mineral produced. 

Fil.y years ago the average depth from which our 
coal -apply was obtained was probably less than 300 
feet »elow the surface. To-day the average depth 
from which the whole of our annual supply is obtained 
may »¢ taken to be about 800 feet, and 50 years hence 
the .erage may have increased probably to 1,500 or 
1,800 eet, the larger annual output rendering the pro- 
cess of exhaustion, as regards depth, more rapid in 
the {ture than it has been in the past. 

Tl. inereasing cost due to the greater depths of 
win: ‘ngs, so far as it is merely a question of more ex- 
pen tare of power, has been and will be met partly 
by iv proved mechanical appliances as previously men- 
tion |, inereased outputs and so forth, but when the 
tem: erature becomes so high as to reduce the useful 
rest. s Of manual labor and horse power, then we have 
a nev element introduced which inevitably increases 
the « ost. 

T\.e writer’s experience in colliery operations, car- 
ried on at depths exceeding 2,000 feet, fully bears this 
out, and although it may be practicable to modify the 
con: itions, even in regard to temperature, in some de- 
gree a serious gradual increase of cost due to the in- 
eres ed depth, ete., is inevitable. And already, not- 
wit! standing the various improvements which have 
bee. effected in mining operations during the last half 
ace itury, the average cost of raising coal to-day, irre- 
spective of fluctuations in wages, is probably 15 per 
cen . above what it was 50 years ago. 

Tiie fact that within the last 25 years a great number 
of collieries have been opened upon large areas of coal- 
fiel'|, and that it will require 30 to 60 years to exhaust 
the resourees of these modern collieries, indicates ap- 
proximately the period when the cost will rapidly ad- 
vaice. It will only be upon the exhaustion of the 
bu'k of the best coal available to already existing col- 
lier.es, and the future output having to be maintained 
by recourse to deeper winnings, that an important step 
in the direction of increased cost due to depth will 
begin to operate. Therefore, whatever remedial mea- 
sures are adopted, they ought to be [so arranged as to 
come into partial operation by the end of half a cen- 
tury, and be capable of adjustment so far as they can 
be utilized from decade to decade to counteract the 
effect of the increasing cost of working these remain- 
ing portions of our coal supplies. 

lt may be of interest here to state that a reasonable 
estimate of the horse power produced by such portion 
of our annual output of coal as is utilized for industrial 
purposes is about 25,000,000 horses, and the approxi- 
mate present cost at the points of consumption at be- 
tween 25s. and 35s. per horse power per annum ; while 
if all our exports of coal and coal used for gas and 
household purposes were included, it would represent 
50,000,000 horse power per annum, equal, if it were prac- 
ticable for man to perform the same labor, but it is 
not, to the work of a population of 500,000,000 working 
people who would have to be supported. 

1 may refer, before approaching the question of the 
American coal-fields, to Mulhall’s estimated areas of 

coal lands in various countries, which he gives as 
follows: 
Square miles. 


ccs Ubi acceencensa cian oie 9,000 
United States of America .. ........ . . 194,000 
ES PRESS Be ee 27,000 
Ce POIs 5.1 500s 5-6 ses nsen ees 200,000 
Germany....... se ee erececcccccccerecerece 3,600 
Belgium and Spain.... .. ........64 oe 1,400 
Pt ain cundauk ciecnesesadecasvaoienee 35,000 
PU 66 00066 Consent uoeni cs cansseced ie 1,800 


r 


l'‘o which might be added enormous areas of lignite 
in various parts of the world. The coal-fields which 
have just been enumerated are chiefly of the Carboni- 
ferous period. 

Our colonies of North America, Australia, New Zea- 
land, and South Africa are not given. 

Assuming the coal acreage of America, China, and 
Russia to contain a fair proportion of workable coal, 
it will be apparent how far in excess of our resources 
are those of these three countries, and that con- 
sejuently how much larger is the extent of coal acces- 
sible in these countries, either witbout pumping, or at 
very shallow depth below the surface, and therefore 
at a cheap cost, compared with Great Britain. 

2. With regard to the second head, that the United 
States more extensive coal-fields than Great 
Britain, and that their competition in the future will 
become serious in our foreign markets, including the 
markets of the United States. 

America produces coal of all ee. and the coal- 
fields extend over an enormous district of country pro- 
vided with excellent railway accommodation; the 
rivers also afford unusual facilities for the internal 
cheap conveyance of the minerals. The great draw- 
back of the American coal-fields, and our chief safe- 
guard in regard to their competition with us in foreign 
markets, is the great distance at which the important 
Ainerican coal-fields lie from the Atlantic sea- board. 

Nevertheless, America has made rapid strides in the 
direction of competition with this country—(1) By the 
cheap construction of the railways, and (2) by the ex- 
nator ne a | low rates per ton per mile chai for the 
carriage of minerals. These rates are something like 
one-fourth of the current rate per ton per mile charged 
for siwilar traffic in this country. At present, coal 





SCIENTIFIC AMERICAN SUPPLEMENT, No. 1221. 


from the neighborhood of Pittsburg is delivered on the 
Atlantic sea-board at a lower rate per ton than coal of 
a similar quality is sold F.O.B. in this country, yet the 
distance from Pittsburg to the sea-board is about 300 
niles, I believe, and the cost of carriage of coal, I am 
advised, does not exceed one dollar per ton. 

The American anthracite coal of great purity is 
widely and successfully used for commercial purposes, 
and the carbonaceous steam coals are of a high class 
quality, but so far as the writer is informed, are not 
so hard and do not bear carriage so well as the best 
Welsh steam coal. Notwithstanding, however, our 
low cost of working and cheap sea transit of late years, 
we are beginning to feel the pressure in our distant 
markets of the American competition. This competi- 
tion will not become less severe probably in the im- 
mediate future, but if the time arrives that British 
coal becomes more permanently costly F.O.B., the 


American competition will assume serious proportions. ° 


3. Upon the third point of the competition of the 
Russian and Chinese coal fields. 

Russia possesses coal-fields of at least three times the 
area of those of Great Britain, and is now beginning 
to develop her coal resources in the south near the 
Black Sea. The present supplies are applied [chiefly 
to home consumption for household and manufactur- 
ing purposes. he Russian coal is of various qualities, 
and ranges from anthracite to highly bituminous. It 
is produced at the present day in some districts in the 
writer’s knowledge at a lower cost per ton than is the 
average cost of working in this country. 

The distance of the Russian coal-fields from her sea- 
boards is greater than in Great Britain, and we have 
thus, as in the ease of America, more or less of a safe- 
guard, so far as competition with us in foreign markets 
is concerned, but the much greater coal-fields of China 
are now on the point of being more or less extensively 
developed. The extent is variously estimated, but it is 
probable that the Chinese coal-fields extend over a 
surface area equal in area to the American coal-fields, 
and there are reasons for believing that in the neigh- 
borhood of the Gulf of Pe-chi-li collieries will come 
into working operation within a short period. This 
part of the Chinese field is believed to contain coals of 
good quality for navigation and manufacturing pur- 

ses, and is comparatively near the sea-board. The 
arge coal-fields of Central China may not be developed 
so rapidly, but it may be noted that although distant 
from the sea-board,fyet the facilities for transit afforded 
by the large navigable rivers and cheap labor reduce 
the effect of this distance immensely, and the carriage 
from these inland ‘coal-fields will probably represent 
a moderate cost. Besides, for internal consumption, 
provided the coal is good and worked cheaply, the 
distance to the sea-board is not so important. 

The cheap labor available in China, and the shallow 
depths from which their coal will be worked, indicate 
that the Chinese coal will be delivered at the sea-board 
at such a low cost as will enable that country to com- 
pete with all other countries for the trade of the East- 
ern hemisphere. We have, therefore, undoubtedly to 
anticipate very keen competition in the future, so far 
as our markets in that region are concerned, for many 
descriptions of manufactured goods and for coaling 
the mercantile warine which frequent the Eastern seas. 

The conditions prevailing in these principal foreign 
coal fields are, therefore, in the direction of cheapening 
the production of coal; while in this country the ten- 
dency of the conditions is to increase the cost of work- 
ing coal, and unless we can ultimately do something 
material to check this increase of cost, a time will ar- 
rive—the author thinks in half a century at the latest— 
when as a nation we shall have to face the probability 
of our manufacturing position being rapidly effaced in 
consequence of the dearness in cost of the fuel we have 
to employ in our various manufacturing processes, and 
in the mys ti of our mercantile marine as compared 
with the cheapness of the coal used by our competi- 
tors. 

Then, with regard to Germany and Belgium. These 
two countries are our chief manufacturing competitors 
in Europe. The German coal fields are less in extent 
than our own, and the average qualities of their coals 
are possibly somewhat inferior compared with the best 
of our coals, yet Germany, by reducing the cost of car- 
riage on her State railways to less than half the rate 
per ton per mile charged in this country, has been able 
to develop a large and increasing home and foreign 
coal trade from her principal coal fields in Westphalia. 
As time goes on, however, difficulties will arise in Ger- 
many as well as in Belgium from increasing depths, 
and they will be of the same chafacter as those we 
shall have to contend with in Great Britain. Germany 
and Belgium will, however, be probably in a worse 
position than we are, because they have already re- 
ae their rates of carriage to a minimum, or there- 
about. 

To Germany and Belgium the industrial competition 
of America and China will therefore be of the most 
serious import. Germany, however, is not as dependent 
on her coal for her maintenance and prosperity as we 
are on ours. The area of Germany is large, and her 
soil is more productive, and will feed a much larger 
SS than the soil of Great Britain can support. 

viewing the whole question, this country is exceed- 
ingly well placed with regard to the distribution of her 
coal fields, situated as they are generally near the sea- 
board, and possess coals of exceptional quality; so 
long, therefore, as our high-class fuels are producible at 
a moderate cost, we shall, provided we retain our mari- 
time supremacy, in all probability remain in a flourish- 
ing commercial position, so far, at any rate, as physical 
conditions affect the question of the cost of producing 
coal. In regard, however, to our internal means of 
communication, although a very comprehensive system 
of railways has been established for the accommodation 
of the enormous traffic of this country, the rates 
charged for transit as compared with those current in 
America, Germany and Belgium, especially for min- 
erals, are exceptionally high, about four times the 
American rate per ton per mile, and twice the rates 
charged by Germany and Belgium. But notwithstand- 
ing this fact, by reason of our nearness to our home 
markets and to the sea-board, so long as our best coal 
remains unexhausted, at a moderate depth and cost, 
we shall probably be able to hold our position in the 
markets of the world with our manufactures. 

But as the writer has suggested, in half a century 
from the present time conditions will become unfavor- 
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able for the production of cheap coal, and the problem 
he wishes to discuss is the nature of the remedial 
measures, if any, which it may be practicable to adopt 
to enable that half century of probable prosperity be- 
ing extended to two to three centuries. 

f from the national point of view it was considered 
essential that the nation should possess all the turn- 
pike roads in the country, how much more is it neces- 
sary that the nation should possess the railways, which 
are the far more important means of internal communi- 
cation? Unfortunately, no provision was made for the 
State building of the railways, although power was ob- 
tained in 1844 by means of which they can be purchased 
by the State, I believe, at any time. The railways 
have been constructed by private enterprise at an 
enormous cost, due to various causes; the annual net 
revenue, however, under existing conditions is some- 
thing like £40,000,000 per annum, and in 30 to 40 years 
the net income will probably have increased to at least 
£50,000,000 per annum. 

To this should be added the enormous loss by reason 
of the present system of management, the unsuitability 
of the rolling stock for economical working, and un- 
necessary competition involving the running of trains 
with inadequate loads, ete. Probably, the income of 
the railways of Great Britain, if they were in one hand, 
and the management organized on different lines, 
would represent an annual net revenue in 30 to 40 years 
time of £60,000,000. 

Now, if this fund of £60,000,000 per annum or such 
part of it as becomes necessary were available to be 
drawn upon ; that is to say, if the railway rates for all 
classes of ninerals, goods and passengers were reduced 
decade by decade to counteract the general effect of the 
increased cost of producing the minerals, we should be 
able to utilize the whole of our existing coal resources 
under practically as favorable conditions as we shall 
utilize the best and cheapest of our coal resources dur- 
ing the next fifty years. 


FUTURE OF COAL. 


It may be contended that at some period in the future 
a successful substitute for coal may be discovered, but 
we must bear in mind the extreme cheapness of coal 
and the possibility of so economizing its consumption 
that 244 pounds of coal per hour will produce one horse 
power on the average, equal if coal is valued at 7s. per 
per ton to one horse power for 10 hours per day for 1d. 
It does not, therefore, appear probable that a substi 
tute of equal power is likely to be discovered at any- 
thing approaching such a cost, and what will happen 
as coal becomes dearer in this country will be a 
gradual transference of the manufacturing operations 
which supply the world to countries where the cheap- 
est coal is produced, 

It further follows that so long as cheap coal can be 
worked in this country, the demand for it will continue 
to increase until at all events all the moderately deep 
coal areas available in Great Britain are occupied, and 
it may, it is suggested, be assumed that before the 
whole of those areas are occupied the output of coal, 
now slightly over 200,000,000 tons per annum, will be 
increased to 250,000,000 tons per annum. 

And now as to the vexed question of our expensive 
means of internal communication in this country. It 
would appear that if during the next half century the 
nation is spared international difficulties, such as a great 
war, we may expect to enjoy a most prosperous period 
in our manufacturing industries, owing to the large 
supply of cheap and good coal. With markets in cur 
widely spread colonial empire, our position will remain 
unique, and if during that period something can be 
done to counteract fully, or even partially, the increas- 
ing cost of producing coal which will inevitably sub- 
sequently arrive, then the nation will be in a condition 
to maintain its existing commercial prosperity, so far as 
cheap coal is concerned, for centuries. ut having re- 
gard to the long period during which this prosperity 
may be expected to prevail, and the economical con- 
ditions under which the nation may exist, other favor- 
able conditions may be created such as that of becom- 
ing the home of the finer industries, involving the em- 
ployment of much labor and less fuel. This country 
may also become populous asa residential country, 
and, as it is the center of a great empire, cheap coal 
supplies may in the far distant future become less of an 
urgent necessity. 

The direction in which relief is to be found is the 
cheapening of our internal communications, and the 
reduction of our rates and taxes. Now the only mode 
of doing this appears to the author to be the repay- 
ment during the next half century or thereabout of 
the whole of the capital outlay of this country in rail- 
ways, docks, sanitation, water, and other public work- 
ings. 

It is obvious thatthe nation, in paying off the Na- 
tional Debt at a substantial rate, is providing in some 
degree for the relief of future generations, but while 
the repayment of this debt is of undoubted importance 
from the point of view of relief to our successors, and 
in providing a fund from which we can obtain loans 
for carrying on warfare, it may be observed that the 
permanent relief to the nation by paying off the whole 
of this debt will be about £25,000,000 per annum, an 
annual amount which has been swallowed up during 
the last few years in increased annual national ex- 
penditure. Assuming that by means of the repayment 
of the National Debt the annual expenditure to main- 
tain our Army, Navy, and Civil Services, and Educa- 
tion, is reduced to under £100,000,000, how can even 
this enormous revenue be obtained if our commercial 
supremacy were to disappear, owing to our country 
not possessing cheap fuel ? 

Would it not be more prudent and far-seeing to apply 
the funds now devoted to repaying the capital of the 
National Debt to the acquisition for the State of our 
railways, etc. From the revenue obtained, complete 
the repayment of the National Debt capital, during 
the considerable period, probably of a century after 
obtaining possession, when it would only be necessary 
to reduce the charges on our railways by a certain pro- 
portion only, still leaving a large revenue from the 
railways, plus the economies which would be secured 
in working them as one undertaking. 

In this way the continued prosperity of the nation 
would be secured, as well as a fund be created, avail- 
able for repayment of what may then remain of the 
National Debt capital. 

Upon the assumption that the capital outlay upon 
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railways and docks, and the local charges for interest 
on loans for sanitation, water, ete., had ceased, rates 
and taxes would be reduced to a minimum, and ul- 
timately, as the necessities of the commerce of the 
country required, the cost of traveling and the rates 
chargeable for goods, minerals, and live stock could 
be gradually from time to time lowered, until these 
charges are reduced to the bare working expenses. 

This operation, if carried out, would have the effect 
of materially reducing the cost of living, food, and 
clothing, rent would be less costly, and labor would 
probably become much cheaper. 

The whole of the indebtedness of this country for 
railways, docks, drainage, and water, and lighting may 
be estimated approximately at 1,500 millions of money 
(of these the first four mentioned are in private hands, 
the others are owned mainly by public bodies); if the 
interest upon this money were to cease, it would re- 
lieve the nation by at least £60,000,000 per annum, and 
this upon 250,000,000 tons of coal represents an amount 
which would more than counteract any increase in the 
cost of coal due to natural causes alone, until the prac- 
tical exhaustion of our coal supplies. 

If, however, this enormous capital is allowed to re- 
main until the prosperous period of low cost of coal 
passes by, it would not be practicable to reimburse 
this capital, and the amount remaining unliquidated 
would become lost, and so cause widespread ruin to 
individual shareholders as well as to the nation. 

What is suggested, therefore, as regards the railways 
1s: 

1. That either the reversion of the railways should 
be purchased by the government, taking effect at the 
end of say fifty years, and that afterward the railways 
be worked under government control, with such re- 
ductions in rates as the conditions of trade require ; or 

2. That the railway companies should be compelled 
by legislation to provide a sinking fund annually suf- 
ficient, at compound interest, to replace the whole of 
the capital which they have already created, or may 
create before the end of a period which the Legislature 
may fix after full inquiry. Part of the investigation 
would involve an inquiry as to how the amount of the 
sinking fund is to be obtained. 

In the second event, at the end of the period, either 
the working of the railways should be taken over by 
government or continued in private hands, subject to 
governmental regulation, and absolute power to the 
State of reducing rates from time to time, and the sur- 
plus revenue, if any, during the earlier period when 
the increased cost of coal would not be so heavy, be- 
yond the working cost, could be apportioned between 
the railway companies and the imperial revenue as 
wright be decided. 

A similar proposal might apply to docks, and modi- 
fied conditions to the trading investments of munici- 
palities, The compulsory repayment within a given 
period of the capital invested in lighting, water, and 
drainage would afford facilities for reduction in rates 
and taxes in those municipalities in which the capital 
had been repaid. 

Now, the fact is undoubted that the cost of working 
coal will gradually increase owing to natural causes 
alone, and that the increase will begin to affect the in- 
dustrial power of the nation seriously in half a century 
or thereabout. 

It is also a fact that there will still exist at that time 
large coal resources equal to more than a couple of 
centuries on a consumption of 250,000,000 tons per an- 
num, or 25 per cent. more than the present annual 
output. 

Are we to lose by neglect the profitable use of this 
enormous annual wealth, or shall we in time take such 
measures as will enable us to continue to utilize it ? 
That the emergency will arrive cannot be gainsaid ; 
the remedy, if a remedy can be found, is open to argu- 
ment and inquiry ; but the present is the time to make 
the investigation, and not when the actual contingency 
is at our doors. It is no answer to urge that our suc- 
cessors can take care of themselves. They will not 
have created the capital or had the benefit of the use 
of the capital, but if left to them unliquidated, it will 
weigh as a millstone around their necks. 

Finally, | may glance at the objections which have 
been raised to the adoption of the suggestion advo- 
cated by the writer, viz., of paying off the nation’s in- 
debtedness in railways, docks, waterworks and gas- 
works, sanitary and other capital outlays, during the 
period when the production of the cheapest and best 
of our coal resources secures to the nation a commer- 
cial prosperity which cannot be hoped for after the ex- 
haystion of the best of our coal resources. 

The chief of these objections are: (1) That science. 
before the expiration of fifty years, may discover some 
efficient substitute for coal; (2) that the State pur 
chase of the railways will place too much patronage 
and power under government control ; (3) that the rail 
ways will not be efficiently managed under State con- 
trol ; and (4) that the altered conditions under which 
the nations compete commercially fifty years hence may 
be so changed as to render the possession of coal fields 
not necessarily of paramount value. 

Objections 1 and 4 may be considered together. To 
refuse to face the position in the hope that something 
may happen within the fifty years is tantamount to 
hiding our heads in the sand and waiting for some- 
thing toturn up. If some discovery of science pro 
vided an effectual substitute for coal, however iim- 
probable, we should not in Great Britain have a 
monopoly of such substitute, but should have all the 
civilized nations competing with us. How infinitely 
stronger our national position for such competition 
would be if transport and inland communication, by 
reason of the repayment of the capital value of our 
railways have been effected, was reduced by one-half 
of what it is to-day, and our rates and taxes, by reason 
of the repayment of our municipal loans, reduced to a 
minimum. 

It would appear to the writer essential. whether we 
look at the question from the point of view of extending 
the period ofithe profitable working of our remaining:coal 
resources, or from the point of view that at a certain 
period an efficient substitute fot coal will be found, 
that the clearing off the national liabilities, in means 
of communication, during the nation’s prosperous pe- 
riod, would not only be the soundest of policies, but 
the only reasonable and prudent course to adopt. A 
prudent individual, providing for his successors, 


would undoubtedly adopt such a line of conduct, and 


if to an individual it is desirable, surely it is of para- 
mouut importance to a great nation to follow a pru- 
dent policy. 

Then objection No. 2, that the State purchase of 
railways will place too much patronage and power in the 
hands of government. I am aware and appreciate the se- 
rious objections to the course suggested from a political 
point of view; but the question whether we, as a na- 
tion, are to collapse financially in half a century or 
continue to maintain our position for centuries, is al- 
together too serious to become the catspaw of any 
political party. If, however, the result sought of en- 
abling the nation to reduce the cost of traveling and 
transit of goods and minerals by one-half, when re- 
quired after baif a century, and a reduction in rates 
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other works were paid off.in the fifty years, and th, 
cost of traveling and transit of minerals reduced 
one-half, the increased cost of our coal, due to nat 
causes, would be practically neutralized, and the natioy 
would be able to hold its own so long at all events gy 
the coal resources of the country endured. 

Is this not a question worth the serious present eop. 
sideration of politicians and the nation, although the 
actual emergency may be approximately half a century 
hence ? ; 

lf the remedial measures suggested are inapplicable 
or if other measures are preferable, we ought to tackie 
them. The subject is worth investigation, even if yo 
practical remedy can be found ; it would be only pro. 
dent to face the difficulty, with a full knowledge of 


HACK—DETAILS OF THE 


MECHANISM. 


and taxes, can be equally well secured without the 
State purchase of the railways, then I should be con- 
tent. The wit of our politicians surely can find some 
solution outside party polities of preventing the con- 
trol of so many voters being used for party or govern- 
ment purposes. 

Possibly one way out of the difficulty is that suggest- 
ed by compelling the railway companies to fund a 
portion of their income to repay their capital in from 
fifty to seventy years, the State being able to control 
absolutely permanent reductions of rates of carriage 
from the end of fifty years. This reduction would, as 
previously explained, be necessarily gradual, and only 
reach the minimum of the bare cost of working and 
management at a period considerably later than fifty 
years. If the course last named were adopted, it would 
meet the third objection previously mentioned—that 
the railways will not be efficiently managed under 
State control. 

I have now placed before you the problem of our coal 
supplies. The total supplies at the present and pro- 
spective rate of output will last probably three centu- 
ries, but the cheapest will only last half a century. 
That if we do not during that period of fifty years pro- 
vide in some way to meet the gradually but steadily 
increasing cost of our coal, after fifty years, owing to 
natural causes, we shall be unable to compete success- 
fully with America and the East, and it must follow 
that our commercial supremacy will disappear, while, 
it is suggested, if the capital value of our railways and 








what we may expect as the future prospects of our 
country. 


ELECTRIC HACKS AT PARIS. 


ELECTRIC hacks, which have been awaited for a 
long time at Paris, have finally begun their service. 
The Compagnie Générale des Voitures, whose manazer, 
M. Bixio, is well known to Parisians, has had the sub- 
ject of automobile carriages under study for some years, 
and it isnot until after a detailed examination of the 
respective advantages and disadvantages of the diiTer- 
ent methods of propulsion in cities like Paris that it 
has fixed its choice upon electricity as a motive 
power. 

Fig. 1 shows the general arrangement adopted by 
the company for its new vehicles, and allows us to 
observe all the peculiarities of it. The truck, which is 
of steel, is mounted upon four wheels provided with 
rubber tires. It receives the driver's seat, the electric 
motor, the controller, and the steering apparatus. 

Upon the truck is fixed the body of the vehiele, of 
whatever kind it may be, three-quarter coupe, vis-a-vis 
or landaulet. The bodies, moreover, are interchange- 
able. Pneumatic tires are not employed for fear of the 
accidents that would be sure to happen on the road 
through running over nails, tacks, broken glass, etc 

The driving wheels are the two rear ones, the front 
wheels being used for steering. A bipolar electric 
motor of 3,360 watts capacity at 80 volts actuates, 


Fie. 2.—INTERIOR VIEW OF THE CHARGING STATION ON RUE CARDINET. 
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through gear wheels that may be seen in Fig. 1, a dif- 
ferential gearing supported by strong bearings which 
are automatically lubricated. The main shaft, upon 
which the differential gearing is placed, has a sinall 
sprocket at each end which drives the hind wheels by 
jueans of an endless chain of special construction. The 
entire driving mechanism is placed under the rear seat 
of the carriage. It rests upon a jointed frame, which is 
supported by spiral springs. 

he electric energy is furnished to the motor by ac- 
eumulators ; positive plates are of lead and negative 
of lead oxides. These accumulators are forty-three in 
pumber, and weigh 1,650 pounds in a carriage that has 
a total weight of 4,400 pounds. They are inclosed in a 
box which is suspended from the truck by means of 
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brakes are actuated by pedals located under the 
seat. One of them isa block brake, which acts upon 
the felly of the hind wheels, and the other a band 
brake that acts instantaneously upon the hub of the 
same. These three brakes assure entire security— 
much greater security, in fact, than with animal trac- 
tion. 

The speed authorized must not exceed 91¢ miles an 
hour in Paris. The experiments undertaken by the 
Compagnie Générale des Voitures indicate that the 
energy absorbed will be somewhat more than 350 watt- 
hours per mile run upon a level. 

Such, then, are the principal arrangements adopted, 
and all of them have been studied with care. 

It now remains to speak of the station for the pro- 
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four spiral springs. This arrangement permits of re- 
moving the battery for charging and of easily putting 
it back in place during the ordinary service of the 
vehiele. 

he capacity, which is 135 ampere-hours, permits 
of making a trip of about 36 miles. The driver's 
seat isin front. To the left is placed the special lever 
which aetuates the controller that permits of control- 
ling the speed. In a vertical position, the circuit is 
broken, and the carriage is at ‘a standstill. At the 
back and front there are respectively four and three 
keys over which the lever may be moved and which 
correspond to variable couplings of the motor arma- 
ture with the cells in series and multiple. 

In this way the vehicle is made to run forward slowly 
or with different degrees of speed. Reversing the lever 
applies the brake, and also causes the vehicle to run 
backward. 

Upon coming to a standstill, a safety key permits of 
breaking the circuit so that no one can use the carriage 
during the drivers absence. The driver must always 
carry this key with him. 

Steering is accomplished by gearing that transmits 
motion to the front wheels, which are connected toa 
vertical hand wheel. 

The brakes are three in number. One of these, 
which is electric, permits, by pulling back the lever, 
of reducing the speed and even of stopping the 
vehicle suddenly in case of necessity. The two other 


duction of electric energy for charging the accumu- 
lators, and of the school of apprenticeship for the 
drivers. 

For the experiments which it has been carrying on 
for some time past, the Compagnie Générale established 
at 112 Rue Cardinet a station for charging accumulat- 
ors both for its ordinary vehicles and those used for 
the instruction of its employes. The electric energy is 
furnished by the Clichy sector. Fig. 2 gives an interior 
view of this establishment. At the back, to the right, 
is situated a rotary transformer formed of two dynamos 
coupled to the same shaft. One receives a current at 
440 volts, acting as a motor, and running the other, 
which serves as a generator and furnishes 130 amperes 
at 110 volts. A distributing circuit starts from theswitch 
board and runs along the wall to the left, where a 
number of smaller switch-boards are placed. When a 
earriage reaches the entrance of the hall, a movable 
»latform is placed under the accumulator box, which is 
ifted by an hydraulic elevator. The accumulator box 
is unfastened, the platform is shoved up against the 
wall, and the battery is submitted to the process of 
charging. The reverse operation is performed for 
placing a box of charged accumulators under a car- 
riage. The station on Rue Cardinet has, as above 
stated, been used also for charging the batteries of the 
vehicles for the instruction of drivers. These vehicles, 
which are of a special model, have been operated for 
several months under the supervision of M. Gour- 
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don, and, through exercise on a track of which we shall 
speak further along, it has been possible to obtain 
skilled drivers for automobiles. 

After the experiments appeared to be conclusive, the 
company began to occupy itself with the arrangement 
of a apecial establishment for the charging of accumu- 
lators on a much larger scale. This new establishment. 
a general view of which is givenin Fig. 3, is situated 
on Rue du Pilier at Aubervilliers and occupies a total 
surface of eight acres. To the left may be seen the 
works proper, containing the boiler room and the 
engine room, in which there are at present two 
groups of 250 horse power motors. A little to the rear 
and to the left stands the charging building, and to- 
ward the right there is a structure large enough to 
accommodate 200 vehicles. In front, inour engraving, 
may be seen a portion of the track. 

The charging building is several stories high and has 
a large free space in the center. The carriages enter 
on the ground floor, where the accumulators are un- 
loaded upon trucks and are replaced by others that are 
already charged. The batteries are afterward raised 
by elevators to the first story above, where they are 
recharged. There are three of these elevators, each of 
which is capable of lifting 2,200 pounds. 

All around the establishment, for a length of 2,300 
feet, extends a track for the training of the drivers. 
This track as shown in the front part of Fig. 3 is formed 
of ground of variable nature having gradients of 
5, 8, and 10 per cent., with wood, macadam, asphalt, 
bitumen, Belgian and other pavements. In order to 
get the drivers accustomed to making their way amid 
obstacles, M. Gourdon has distributed over the track 
wrought iron figures of men, women, children, nurses, 
bicyclists, ete. The drivers are thus able toobtain the 
same experience as they would if they were upon a busy 
Parisian thoroughfare. In Fig. 4 will be seen one of 
these training vehicles that bas just passed alongside 
of a bicycle. The company is going to watch very 
closely the results furnished by the hacks that have 
just been sent ont, and if all goes well, as it is hoped 
that it will, the new type will be definitely adopted, 
and 1.000 hacks will be put in service for the Exposition 
of 1900. 

For the above particulars, and the illustrations, we 
are indebted to’ La Nature. 


CLOTH PRESSING BY ELECTRICITY. 

AT a recent meeting of the Industrial Society of 
Elbeuf, a report was made by Mr. Ch, Mouchel, on a 
new process invented by Mr. Chedville, which is known 
as the “electro-calidor” process, and consists of press- 
ing cloth by means of boards heated by electricity. 

A special committee appointed for the purpose ex- 
amined the manufacture and operation of the press 
boards. The result is declared to be most satisfactory, 
and the report is as follows : 

‘* The body of the press board is composed of asbestos 
paste covered by a netting of German silver. This is 
again covered by paper pulp, which gives a pliable 
surface without materially increasing the thickness of 
the press board, which measures from 2 to 4 milli- 
meters (0°078 to 0°157 inch). The first experiments 
were made by applying the electric current through 
holes pierced in the portion of the board projecting 
beyond the cloth. Experience, however, has led to the 
adoption of press boards with a trapezoid projection, 
of which the two obtuse angles are covered with copper. 
Spring clips, provided with a metal connection and 
attached to a pliable conductor, serve to transmit the 
electric current to the copper covered corners of the 
boards, when the press is arranged for work. 

‘*The electric press boards are used in the following 
manner: Ona plate of sheet iron is placed a piece of 
cloth, between the folds of which are placed at equal 
distances three electric press boards: then there is 
another plate of sheet iron, another piece of cloth, 
and so on until the press is full. An ordinary press 
holds eight pieces, the folds of the cloth being one 
meter (1°09 yards) wide. 

‘**The Messrs. Blin employ a system of hollow presses, 
and an iron track, sufficiently long to acconimodate 
ten, communicates with each one of their hydraulic 
presses. Against the ceiling and parallel with this 
track are arranged two conductors, one positive and 
one negative. They are placed on either side and a 
little beyond the line of the track. Large clips for 
transmitting the electric current are attached by 
pliable wires to these conductors. The hollow press is 
then placed between two of these clips, each of which 
communicates with a movable vertical distributer. 

‘The distributer is a simple grooved rod, the con- 
ductor being placed in the groove. Thirty pliable 
wires, each terminating in a spring clip, hang at an 
equal distance from this distributer. 

‘The clips are readily adjusted to the metal corners 
of the electric press boards, the positive on one side 
and the negative on the other. The current is thus 
established and the proper degree of heat generated, 
the time necessary varying from three-fourths of an 
hour to one hour and a half. 

‘The required current for a press board measuring 
1 meter (1°09 vards) by 70 centimeters (27°5 inches) is 2 
amperes under a pressure of 110 volts. A press of eight 
pieces, with twenty-four press boards, demands a cur- 
rent of 48 amperes to heat the press, and the amount 
of electric force expended in one hour and a half is as 
follows : 48 x 110 & 1°5=7.920 watts per hour. ‘The me- 
chanieal force given a dynamo of 90 per cent, working 

48x 110 
capacity is——-—— = 12°5 horse power. 
736 X09 
pended in one hourand a half is as follows : 
=18°75 horse power per hour. 

“Supposing a consumption of 15 kilogrammes of coal 
per horse power per hour, the quantity of coal necessary 
to heat a press may be estimated at about 30 kilo- 
grammes (66 pounds). Estimating coal at 25 franes 
($4.83) per ton, the maximum cost of heating a press 
would then be 75 centimes (14 cents). 

‘‘Comparison being made between the amount of 
coal required by the new system of pressing and the 
old—viz., direct heating in a special oven by means of 
sheet-iron plates interspersed between the folds of the 
cloth—it is found that the old method is slightly dearer 
than the new, as the Messrs. Blin, who used the old 
system with as little waste as possible and had thirty 
presses per day, state that they use at least a ton of 
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coal a day for the heating of their plates, which in- 
volves an expenditure of 33 franes ($6.37) for the presses 
used, or 1°10 franes (21 cents) per press. 

“There is thus an economy of fuel, but the new 
system has other and more important points of superi- 
ority. 

“ The first is the perfection of the work. The heat- 
ing of each press, and even of each piece, can be 
regulated mathewatically, either by varying the num- 
ber of press boards or by increasing or diminishing the 
length of the heating. he cloth is heated slowly and 
without the inequalities resulting from the old system, 
ander which the two ends of each piece were almost 
in contact with plates heated to 500°. All manufac- 
turers who have employed the new system speak of 
this point as a great advantage. 

* A second advantage is the extreme cleanliness with 
which the pressing can be effected. The old style of 
plates heated in an oven often resulted in soiling the 
cloth, which is now entirely avoided. 

“Another advantage is the economy in laborious 
handling necessitated by heating and transporting 
heavy cast iron plates. The workshops can also be 
kept at a lower temperature, more favorable to the 
health of operators. 

“The heat generated in the folds of the cloth is com- 
pletely utilized by the new process, and a fraction less 
is lost by radiation than under the old system of heat- 
ing by plates. 

** If there is already an electric plant in the establish- 
ment (and few modern houses devoted to commerce or 
manufacture are without one), the expense is reduced. 
The boards are not costly, and with proper care will 
last several years.” 

Mr. Mouchel thinks that the process above described 
is, from all points of view, a most important invention 
and should be generally adopted. 

W. P. ATWELL, Commercial Agent. 

Roubaix, January 18, 1899. 


THE DAMMING OF THE NILE. 


THE Nile, in far-off geological periods, was a much 
larger river, but then it still had the same annual sur- 
charge of waters which we call ‘* High Nile.” This is 
proved by great banks and terraces of stratified mud, 
high and dry above the highest Nile of these days. . . . 
There were traditions and historical tales of the early 
Egyptians having stored up the floods, and there are 
beds of old canals that the Nile waters could not now 
supply, even at flood. No traces of such ancient dams 
exist, but there may have been natural barriers of rock, 
now worn away, which held up the water to supply 
these ancient canals. Egypt generally bears two crops 
in the year; it can be made to give three crops and 
even four crops in some districts. In order to give per- 
ennial irrigation to Egypt, and increase the yield of the 
cultivated land, much more water is needed than be- 
fore. Nine-tenths of the Nile flood goes to the sea. 
Store it up somehow, and the Delta will yield three or 
four crops a year, and the thirsty land will never want 
supplies. This thought must have occurred to anyone 
standing on the spot ten miles below Cairo where now 
stands the great Barrage, the only existing dam 
throughout the whole length of the Nile. But the 
French, who made it (but did not make it do its work), 
give the credit of its inception to the great .Napo- 
ORs. 3 % 

The rule of Napoleon was cut short, but his idea had 
been published, and bore fruit in time. Mehemet Ali, 
the famous Egyptian leader in the early part of this 
century, had shaken off the blighting Turkish rule, 
while his wars and his attempts to make Egypt a 
great nation, combined with his own extravagance, 
caused a great demand for money. To supply his ex- 
hausted exchequer, he introduced the growth of cot- 
ton, sugar, rice, and other crops new to Egypt, requir- 
ing water in enormous quantities, and at the very time 
when the Nile was low. Then he bethought him of 
Napoleon’s project. Various French engineers were 
summoned to carry this out. One ventured to suggest 
a great stone embankment. ‘“ Well, then,” said Me- 
hemet Ali, “*you Have those great useless heaps of 
stone, the Pyramids; use them up, every block, for 
the purpose.” The engineer knew that infamy would 
attach to his name if he agreed to this proposition, and 
asked some days to make calculations. His master 
would only allow him one day. When the engineer 
again appeared, he said the cost of transporting the 
stone from the Pyramids would be greater than to 
quarry it anew in the mountains. ‘Then let the 
Pyramids stay, and quarry new stone,” said the tyrant, 
and so the monuments were saved. Mehemet Ali 
planned his Barrage in 1833, but the plague came, 
killed his fellaheen (laborers) by thousands and thou- 
sands, and so even the tyrant had to cease work for 
several years. It was, therefore, not till 1837 that the 
actual Barrage we now see was begun. It was Mehemet 
Ali, by the way, who made the great Mamoudieh Canal 
conveying the Nile to Alexandria. He tore villagers, 
men, women and children, from their homes, and com- 
pelled them (under the lash and unpaid) to work with- 
out tools, burrowing the earth out with their hands, 
The canal, thirty-six miles long, was made in one year ; 
250,000 were employed, but 25,000 of them died at the 
work. 

The existing Barrage was designed and planned by a 
Frenchman, Mougel Bey, who had been long in the 
viceroy’s service, and who must have been a man of 
genius and of considerable artistic taste. It is prob- 
able that the foundations intended by such a talented 
man would have been properly laid had he been 
allowed to employ skilled workmen, but he had only 
thousands of poor half-starved fellaheen, and when the 
work delayed, extra thousands were sent down, only to 
spoil what had been done, or do indifferently anything 
new. Millions of tons of stones and gravel were thrown 
into the river bed, and on this cement was poured, 
often under water. On such unreliable substructure 
was piled the vast dike of masonry, pierced by 120 
arches, carrying sluices and roadway, and upward of a 
mile in length. Skilled labor had to be now employed, 
and the cost became enormous. Mehemet Ali died in 
1848, before it was finished. Under his successors the 
work went on. At length, in 1861, it was declared 
completed, but no one ventured to use it to dam up the 
full pressure of High Nile. The river was only kept 
back enough to raise the level a few feet. However, in 


1863 it was thought that the dam would by this time 
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have been consolidated, and some venturesome engi- 
neer closed the sluices and let the waters rise. Immedi- 
ately, the unfortunate barrier cracked in several places, 
and an actually tomove down stream! The sluices 
were all quickly opened, and the movement stopped. 
The extent of its northward progress can still be seen, 
= 100 feet of the parapet being out of line to this 
ay. 

Various experts were called in during the next few 
years. Some, like Sir John Fowler, suggested spending 
£1,500,000 more to save it. It had already cost four 
uiillions sterling. Not only did the aaoataney threaten 
to move off to the Mediterranean, but the sills cracked, 
and springs of water began to boil up everywhere below 
the arches. Other experts advocated the whole affair 
being blown up with gunpowder, but even this and the 
removal of the vast masses of masonry tq free the pas- 
sage of the Nile would have cost £500,000. Time went 
on. A costly staff was maintained to keep the sluices 
always open, and to be constantly repairing the whole 
work. Then came the events of 1882, and with them 
the British arrived upon the scene, and Lord Dufferin 
was sent from Constantinople to advise a plan of action 
to save the country after the disastrous effects of 
Arabi’s mutiny. His masterly reports to Lord Gran- 
ville have been published as state papers, and his 
advice has undoubtedly saved Egypt enn hopeless 
ruin and insolvency. All the revenue of Egypt comes 
practically from the Nile, and Lord Dufferin’s wise 
counsel to borrow some of our Indian officials and irri- 
gation engineers was carried out, and Sir William 
Garstin, Sir Colin Moncrieff, Sir Alfred Milner, Major 
R. H. Brown, and Mr. Willcocks, among others, came 
into power. Sir Colin Moncrieff and Mr. Willcocks 
were asked if the Barrage should be abandoned and 
destroyed at a cost of half a million. 

They spent much time in boring and experimenting, 
and at length Sir Colin Moncrieff reported that for a 
similar sum he would undertake to save the structure. 
Lord Cromer backed him up, the work was done, and 
soon the Damietta section was completed and at work. 
Then the other section was taken in hand. The Bar- 
rage has heen in full work ever since, and has long ago 
repaid in increased water-supply every penny of the 
money expended on its salvation. The Barrage, span- 
ning the two arms of the Nile, is upward of a mile in 
length, and consists of 120 arches, with double sluices in 
each, and a broad roadway along the top. The sluices 
allow the muddy deposit to free itself, so that the reser- 
voir can never fill up, and yet the 20 or 30 feet of water 
can be dammed up at the proper season. Stony’s pat- 
ent sluices are now being applied, by which a child, by 
moving a lever, can elevate or depress a mass of solid 
steel, 20 feet by 12 feet, with all the pressure of the Nile 
upon it.—Pearson’s Magazine. 





TRADE SUGGESTIONS FROM UNITED 
STATES CONSULS. 


Automatic Car Couplers in Burope.—A recent dis- 
cussion in the British House of Commons regarding the 
enactment of a law compelling all railways in the United 
Kingdom to equip their rolling stock with automatic 
couplers has started agitation along the same lines in 
Germany, says W. K. Anderson, consul of Hanover. 
As in all matters pertaining to the safety and comfort 
of employes and of the traveling publie, our railways 
are, in this respect, far in advanee of those of other 
countries. Years ago, the railway companies in the 
United States were ordered to adopt automatic coup- 
lers, and were given a term of six years within which to 
complete the alteration of all of their cars. This term 
was afterward extended for a shorter period, in order 
to give certain roads which had not been able to fully 
comply with the law a further opportunity to do so. In 
the meantime, all new cars have been equipped with 
improved couplers, and the iaw may now be said to be 
in full operation. It is claimed that the dangers inci- 
dent to the occupation of a brakeman have been re- 
duced to a minimum by this means. 

The need of adopting similar measures was urged 
long ago iu Prussia, before the era of state railways. 
At that time, the German Railway Union offered a 
large reward for the best safety coupler. The Prussian 
State Railways, however, although much more pro- 
gressive than other Continental roads, have, for some 
unexplained reason, relegated the matter to the rear, 
and apparently postponed its consideration. The sur- 
plus earnings of the Prussian railways for the past 
fiscal year were the enormous sum of 528,000,000 marks 
at re to about $125,000,000), and advocates of the 
safety couplers hold that some of the said earnings 
might well be appropriated for this ag In the 
fiscal year 1895-96, 250 railway employes in Prussia 
lost their lives by accident, and 550 were injured. In 
1896-97, the figures were 264 killed and 667 injured. 

In the British House of Commons, Mr. Maddicon 
stated that from 1888 to 1897,a period of ten years, 
4,757 railway employes in the United Kingdom lost 
their lives in coupling cars, while 30,271 were severely 
injured. In 1897,an average of 1 brakeman in every 
274 was killed, and 1 in every 15 injured; and, among 
the shovers and pushers, 1 in every 203 was killed and 
1 in every 12 injured. Mr. Burns supplemented these 
figures with the astonishing statement that in twenty- 
five years—viz., from 1872 to 1897—among 1,500,000 
English soldiers, 1,396 were killed in battle, while for 
the same period 9,000 railway employes were killed, 
proving that railway employment was much more 
dangerous than war. The correctness of these statis- 
tics was acknowledged. 

Some time ago, the British government sent the ex- 
pert Hopwood to the United States to examine on the 
spot the workings of the prescribed automatic couplers, 
and he reported very favorably, stating that, although 
they were not at that time in general use, the number 
of casualties among brakemen had already been re- 
duced 50 per cent. The railway managers in England 
have been conferred with, and a draft of a bill has been 
worked out to bring about the introduction of safety 
couplers. The House of Commons has approved it, 
and it will soon come up for final passage in Parliament. 

Trade Suggestions tor Scotland.—Some months ago, 
in a brief report on suiting methods to markets, I ex- 
rare says United States Consul Rufus Fleming, of 

tdinburgh, the opinion that the great majority of 
Scottish business men handling American manufac- 
tures, or willing to handle our goods, preferred to deal 
directly with the manufacturers rather than with mid- 
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dlemen, either on this side or on the other side. Cer. 
tain exceptions to this rule were noted, such as the bij. 
cycle trade and typewriter trade, which are special. 
ties and have been managed in an exceptional way 
fromthe start. Further observation in and intercourse 
with the business community have confirmed this 
opinion. The Scottish wholesale dealer, who is in the 
habit of getting 5 per cent. discount on the invoiced 

rice for cash or 24¢ per cent. at one month in general 
aes of merchandise, does not like to look upon an in. 
voice that he thinks may contain a middleman’s com. 
mission. He does not object to paying a price which 
may include an agent’s commission, but he draws a 
broad line atthat. I have talked with agents on this 
subject. They quite agree on the proposition that an 
American manufacturing company or firm seeking to 
extend its trade in this country should offer to deal! di- 
rectly with buyers, and take all orders directly, not to 
be duplicated to a representative company or bureau, 
In undertaking to secure an agent in Edinburgh for an 
association in one of the Middle States, representing 
manufacturers in various lines and requiring a dupli- 
eation of orders, I have met with a very emphzetie 
objection: 

“This will notdo. The goods are expected to yield 
a profit to the manafacturer, a commission to the mid- 
dleman, a commission to the agent, and a profit to the 
dealer on this side. That’s too many slices of pie, and 
all must be thin.” 

Inthe keen competition for trade the commiss:on 
agents or merchants—who are the essential men—of! er- 
ing American goods find themselves at a disadvanta +e, 
as a rule, if the goods are not shipped from America to 
Glasgow, Edinburgh, or Dundee, or the nearest p irt 
to the customer. For instance, an Edinburgh nan 
who represented an American manufacturing comps iy 
having a general agent and warehouse in London s v- 
ered his connection with the business recently, beca: se 
he could not meet the prices of another American co n- 
pany in the same line shipping direct to a Scott <h 
ort. Thefreight rate on the wares from New York to 

tdinburgh is but slightly, if any, higher than the r: te 
from New York to London. The rate from London to 
Edinburgh by water is as high as from New York to 
Edinburgh or Glasgow. By rail, the rate on goods fr: in 
London to this city is considerably more than t ie 
steamship rate charged from New York to Edinburg \. 
On goods of the kind handled by this agent, the freig it 
from London for a quantity worth about $50 is $7.0. 
This made it impossible for him to compete with t ie 
company shipping from New York to Glasgow, and, ws 
I have said, he resigned the agency. 

The American mauufacturer who gets closest to tiie 
market—to the local dealers—will get the trade. Tae 
the case of a large American furniture wanufacturi:g 
company as an illustration of one way to make bu:i- 
ness in a foreign country. This company sent its ov n 
men over to ‘“‘set up shop” in London and Glasgow. 
The furniture—household and office—is shipped fron 
their factories to this side in the rough. Being :n 
parts and tightly packed, it occupies little space and 
pays the minimum rate. It is put together and fi'- 
ished in the London and Glasgow workshops of tlie 
company, and salesmen place the furniture before 
dealers in England and Scotland. This enterprising 
company has, I am told, a profitable and growing trade. 

With reference to business methods, it may be worih 
noting that the commercial traveler as a factor in tracie 
getting in the United Kingdom was never so prominei't 
as he is now. Some of these traveling salesmen are 
paid salaries without commission, and others have 
salaries with commission. Of those resident in Scot- 
land with headquarters in Glasgow, Edinburgh, or 
Dundee, I have met several, each of whom represenis 
a London house in one line of goods, and under his 
contract can handle at the same time different lines of 
goods for foreign houses if he chooses to do so. To 
introduce their goods, American manufacturers or ex- 
porters who would not feel justified in going to the 
expense of maintaining traveling agents of their own 
could hatdly do better than to secure the services of 
such men to sell on commission. Some American 
manufacturers have made good connections of this 
kind. This has been the practice of German houses in 
beginning business in the United Kingdom. Ina re- 
cent conversation, an Edinburgh commercial traveler 
told me that he built up an excellent trade for a Ger- 
man manufacturing company in the chemical line a 
year or two ago, which was so highly appreciated that 
the company sent over a man of their own ‘‘just to 
meet a few of our customers,” and he has not returned 
to Germany, but has taken charge of the flourishing 
business in this country, dispensing with the agent 
who had created the business or at least promoted it. 

It is almost needless to say that, next to an active 
and reliable agent with a thorough knowledge of the 
wholesale and retail trade, the best connection an 
American manufacturer can make is with a wholesale 
house buying direct. A useful article will win its way 
if put on the market at a moderate price, even if it be 
not advertised or otherwise pushed to the front. As a 
notable instance, a little device, of American invention 
and manufacture, for perforating checks and drafts 
with the figures of the amounts for which they are 
drawn, has had a wide sale in Scotland during the past 
two years, although no special effort has been made to 
bring it before the public. Much the same thing's 
true of several other American specialties and of a few 
lines of staple goods and various kinds of machinery. 
They gain a market—slowly, perhaps, but surely—by 
commending themselves. 
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ENGINEERING NOTES. 


A paper was lately contributed to the Paris Academy 
of Sciences on **The Mechanism of the Disintegration 
of Hydraulic Cements,” by M. H. LeChateiier. The 
disintegration of hydraulic cement after some months 
or years cannot be ascribed to the hydration of free 
lime or magnesia, as the latter would be a matter of 
days at most, but, according to the author, would ap- 
year to result from two causes—the greater or less sol- 
ubility of the active constituents of the cement and the 
variation of solubility of the solids with the pressure 
they support. 

The Novoe Vremya states that in a lecture read be- 
fore the Society of Marine Engineers, St. Petersburg, 
Messrs. Zvorykin and Blumenthal explained their in- 
vention for revealing automatically a leak on board 
ship. In the hold of the vessel a cage is fixed contain- 
ing « lever with counterbalancing weight. The pres- 
ence of water disturbs the balance and brings the lever 
in contact with an electric apparatus, which then lights 
a lamp in that part of the bold and rings a bell. Two 
of these contrivances are to be placed experimentally 
aboard the ** General Admiral Apraksin” battleship. 


A single-rail railway on the Lartigue system is the 
lates. of the many projects for additional means of 
ecom:unieation between Liverpool and Manchester 
(Ene and), a distance of 30 miles. It is to be one of the 
ofte:. beard of, but never yet seen, railways having a 
regi ar speed of 100 miles per hour. Even 150 miles 
per our is talked of. But the projector, Mr. B. F. 
Bel; . sticks to steam as the tractive power. ‘The Lar- 
tig: system has been used for an agricultural railway 
in | 'geria and for a 10-mile railway in Ireland. It 
con -ts of a series of A-frames, connected by a earry- 
ing vil op top and two rails on the sides. The engine 
an cars straddle this structure and have horizon- 
tal heels running on the lower rails to steady the 
tra 

EB. far the largest system of drainage ever attempted 
in: »rthern Indiana has been filed by the commission- 
ers of Noble County. The main ditch is 10 miles 
lon , and the width of the bottom varies from 11 to 16 
fee The digging of this canal will lower the water 
in | igh Lake 6 feet, Bear Lake 7 feet, Long Lake 6 feet, 
Mu .ce Lake 7 feet, Port Mitchell Lake 7 feet, and 
oth r small lakes which it passes about the same 
am unt. In all there are sixty-six branches. The 
tot | length of the main ditch and laterals is 7444 miles. 
In. straight line they would extend half-way across 
th. State of Indiana east and west. Of the ditch 20 
mi. -s are to be tile. The cost of construction will be 
$7) 000. Adtogether eighty sections of land will be 
be: efited, or 51,200 acres. 


f#ttention has been directed by W. Hempel to the 
pr:.ctical application of air rich in oxygen obtained 
by liquefying air and partially separating the con- 
sti uents by practical distillation. Linde has stated 
th: ' a eubie meter of 50 per cent. oxygen can be pro- 
du ed at a cost of about 0c. The value of ordinary 
ge: erator or producer gas is very greatly diminished by 
the large percentage of nitrogen it contains; this could 
be reduced to less than one-half by the use of air con- 
tairing 50 per cent. of oxygen and the gas would then 
be available for general use for heating, and, if incan- 
de-cent burners are employed, for lighting also. It is 
als» suggested that the use of air rich in oxygen 
would enable results to be obtained with poor fuel 
that are now only effected with the best kinds of 
cou! 

Auto-sighting for fortress artillery has now become an 
adopted practice in the British servicee—thanks to the 
persisteney and skill of Sir George Clarke. According 
to iis system, the gun fitted with this system of sight- 
ing has only to be laid for the object and fired as fast 
as possible. Sir George himself thus defines the prob- 
lem in the ** Proceedings” of the Royal Artillery Insti- 
tution: Given the height of the gun above the sea 
level at any moment, the angle of depression of the 
line of sight evidently determines the range. It is re- 
quired, by mechanical arrangements connecting the 
line of sight with the gun, to insure that when the 
former is laid on the water line of any floating target, 
the latter shall automatically take up the quadrant 
elevation corresponding to the range. In other words, 
the sight must be moved by the gun, the latter being 
elevated or depressed till the former comes ‘*‘ on” with 
the target. A series of trials have lately taken place, 
in which two auto-sights were fitted to two 4°7 mount- 
ings, and the results are described as eminently satis- 
factory. The successful introduction of auto-sights 
would contribute immensely to the effectiveness of 
fortress artillery, while also useful from the point of 
view of economy. 


For the construction of a mole at Mostaganem, a 
Titan crane of formidable dimensions was employed. 
It consisted of a truck, resembling a flat arch and mov- 
ing on rails on the customary four rails, and a girder 
bridge. The whole bears a strong resemblance toa 
swing bridge with two arms of unequal length. The 
total height of the Titan is 37 feet, the greatest length 
is 191 feet; it lifted 60 tons at a distance of 50 feet from 
the pivot, and 40 tons at double that distance, 
and weighed in itself, with its machinery, 266 tons. 
One day the sea began to play with this monster and 
turned it over, the legs sticking out of the water. 
There it remained almost two years, in 40 feet of wa- 
ter, until au engineer of Algiers, Caffaret, attempted 
its rescue. The attempt has been crowned with suc- 
cess, and at present the Titan is again in working 
order. The raising was accomplished, as we read in La 
Revue Technique, with the aid of mats consisting of 
beams and 192 casks. The air and the masses of w 
together exercised a lifting power of 125 tons, amply 
sufficient to raise the truck to a height of 4 feet above 
the water level after the bridge, eo had badly 
rusted, had been separated from it. ith the help of 
floating cranes and a gradually rising stage, the truck 
was finally brought to the level of the quay. The 
bridge was dealt with in a similar way. The casks 
were first filled with water, loaded with iron, fixed in 
position, and then charged with air; one man could fix 
up to twenty casks a day. We might have pointed 
out that such Titans must, of course, have a clean 
sweep, so that a great deal of the machinery has 
~ be placed on the bridge; thus, they become top 
leavy. 


ELECTRICAL NOTES. 


A hanging railway over the Seine will be one of the 
attractions of the Paris World’s Exhibition. The rail- 
way will connect both banks of the Seine and be driven 
by electricity. 

The approximate mileage of the telegraph and tele- 
phone lines of the world is 2,029,893, says The Engi- 
neer, and the miles of wire amount to 8,254,004 ; of tele- 
phone lines only there are 382,417 miles, involving the 
use of 3,202,950 miles of wire. 


The negotiations for the establishment of direct tele- 
phone communication between France and Germany 
have resulted in an agreement on the main points. It 
is proposed to lay a line between Paris and Berlin, and 
another between Paris and Frankfort, and as the latter 
city is already in communication with Berlin, there 
will be two separate lines between the two capitals. 


In the case of Moses vs. Pittsburg, ete., Ry. Co., 21 
Ill. 523, decided in the year 1859, Chief Justice Canton 
said: ‘‘Cars upon street railroads are now generaliy, 
if not universally, propelled by horses, but who can 
say how long it will be before it will be found safe and 
profitable to propel them with steam or some other 
power besides horses?” This sounds like prophecy of 
the first water.—Electrical World. 


The Capell fan has been selected for the ventilation 
of the Hoosae tunnel, and is being constructed by an 
engineer at Pittsburg, who is the licensee for the Capell 
fan in the United States. The fan will be 16 feet dia- 
meter by 8 feet wide, with double inlets. The guaran- 
tee is for 600,000 cubic feet of air per minute, which, 
irrespective of friction, means moving over 20 tons of 
air per minute, 13 cubic feet of air weighing, roughly, 
1 pound. The power is to be electric, supplied by the 
North Adams Electric Company, Mass. 


The Blektrotechnischer Anzeiger states that a 150-ton 
electric crane is shortly to be erected in Kiao-Chow 
Harbor. It will be fitted with two winding gears of 75 
tons capacity, which can be used singly or coupled, and 
a smaller winding gear of 24¢ tons capacity. It will be 
driven by two 100 horse power motors, and the swing- 
ing extension of the gib will be capable of bearing 70 
tons in its lower and 150 tons in its upper position. 
Two additional 100 horse power motors are employed to 
actuate the gib extension, and a 20 horse power motor 
to turn the crane. The order for the crane was placed 
with a German firm. 

The application of electric motors to the working of 
machines in steel works is advancing at a very rapid 
rate, e. g., charging and drawing machines for placing 
ingots and slabs in heating furnaces and machines for 
charging stock into melting furnaces are now quite 
common. A considerable development has taken place 
in the use of electro-magnets to lift plates, bars, and 
ingots. Formerly a plate was lifted by hooks catching 
the edges, the hooks being at the ends of chains actu- 
ated by acrane. Now the magnet is simply applied to 
the center of the plate, the current is switched on, and 
the plate raised by the crane carrying the electro-mag- 
net. When the plate is placed where it is wanted, the 
switch is again turned, and the plate released and left 
in position. 

Upon authority of the United States consul at Clif- 
ton, Ont., it is announced that the Canadian govern- 
ment has decided to construct a telegraph line to con- 
nect the Yukon territory with British Columbia, and 
that a party of ‘engineers has already been sent north 
to commence the work without delay. The plan of the 
Minister of Public Works is to construct the line of tele 
graphs between Lake Bennett and Dawson City at 
once. At the same time surveyors will examine the 
country northward from Quesnelle, British Columbia, 
which is the terminus of the present government sys- 
tem, known as the old Cariboo line, in order to connect 
with the line to Dawson. The ministers have decided 
that the franchise for the telegraph line to Dawson is 
too valuable and too important from the standpoint of 
the national safety to be intrusted in other than gov- 
ernment hands, and, accordingly, the enterprise will 
be ecunducted and controlled entirely by the Dominion 
government. 

It is well known that the conductivity of an incan- 
descent lamp filament increases during the first few 
hours of the operation of a lamp, and that after this 
first increase it decreases steadily during the entire life 
of the lamp. According to an authority on the subject, 
this initial increase in conductivity is due to the perfec- 
tion of the carbonization of the filanrent by the tempera- 
ture of operation. The process of carbonization con- 
verts the cellulose thread, which is a combination of 
earbon, hydrogen, and oxygen, into almost pure car- 
bon, thus making a conductor of the perfectly non-con- 
ducting cellulose. The conversion, however, is not 
complete, and in the finished filament there is still 
some hydrogen. The process continues in the filament 
after the lamp has been placed in service, and this com- 
pletion of the carbonization process is the principal 
eause of the increase of conductivity during the early 
hours of a lamp’s life, says The American Electrician. 
As soon as this is completed there is a decrease in con- 
ductivity, due probably to a slight wasting away of the 
filament, as is made evident by the sooty deposit upon 
the globe of the lamp. 


Reference is made in a British consular report on the 
trade and commerce of Charleston, 8S. C., during 1898, 
to the Charleston and Seashore Railway, which has 
been put into operation during the past year. This 
enterprise includes the new Sea Island resort 10 miles 
from the city, which is the property of the company, 
the terminus of its line, and the objective point of its 
present operations. The system includes covered 
wharves, and a commodious steamer of the ferry-boat 
class, connecting the city with the shore at Mount 
Pleasant, on the opposite side of the harbor. From 
this point 7 miles of electric railway, well constructed 
and equipped, carry passengers over trestle-work to 
Sullivan’s Island, up the length of which it crosses 
Breach Inlet over to Long Island, and thence northward 
to the Isle of Palms, about a mile and a half distant, 
where there is an excellent beach and well constructed 
buildings for the convenience and comfort of health 
and pleasure seekers. The objects of the promoters 
have been to establish a resort suitable for both sum- 
mer and winter visitors. The wharves, cars, boats, and 
buildings are all lighted by electricity. 
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SELECTED FORMULZ. 


Parlor Match Composition.—For parlor matches dry 
the splints and immerse the ends in melted stearine. 
Then dip in following mixture and dry: 


Pmcepinotes (208)... 6sncs csecceces ... 3 parts. 
Guu arabic or tragacanth. ........... 06 * 
MN 48. cOis tides Lid oe ceue ease { es 
Sand (finely ground).................. 2 sii 
Lead binoxide.......... ye art Wee 2 . 


Perfume by dipping in a solution of benzoic acid. 


Shaving Soaps.—The properties most essential to a 
good shaving soap are softness, economy in use, and 
the power of retaining a lather for the longest possible 
time. We may distinguish between shaving soaps pro- 
perly so called, shaving pastes, and shaving solutions, 
and proceed to give receipts for each, 


SHAVING SOAP. 


PONE GION, os ccna pasewatscicved 90 pounds, 
Cocoanut oil (first quality) ...... - 7 
See 6s ne aeevcenen's 80 = 
i PT eee eer eT eT ere 20 - 


Color and scent to taste. 


Most shaving soaps contain cocoanut oil, as this fat 
is particularly efficacious in making them lather well. 


SHAVING PASTE. 


eee ae ave tous’ #a05 10 pounds. 
PC Cer ee eae Hewes © ounce. 
Oil of bitter almonds. ... .. ..... 1'4 6 
Oil of Bergamot ..........ccccccccces 34 4 
Be Or Nr 66506600046 secsece isos TE x 
EE a ee re ly - 


Melt the soap with just enough water to convert it 
into a soft paste when cold. The paste is then well 
rubbed up in a marble mortar, or passed several times 
through a kneading machine. This treatanent is neces- 
sary, in order to impart to the soap that fine pearly ap- 
pearance so much esteemed by consumers of this class 
of article, 

SHAVENG LIQUID. 


CO 64 xo ceded san’ ghadoeenean 10 pounds. 
Alcohol 20 ” 
Orange flower water... . BO ” 

Melt up the soap with some of the orange flower 
water at as low a temperature as possible, and when 
complete solution has taken place, add the rest of the 
orange flower water and the alcohol. After the finish- 
ed product has stood for a few hours in a closed vessel 
it is bottled. Some makers filter the solution, but if 
very pure materials are taken, and if the solution is 
allowed tostand and deposit any insoluble matter as we 
have just recommended, the filtration, which is a long 
and tedious process, will become quite unnecessary. 

Another recipe for shaving liquid is as follows : 


WiC BORD. ....cccscccccseces -.--12 pounds, 
Essence of fat almonds............. 14 is 
pS Ey ree 6 
Ee Pe eee ter eT 6 

Tineture of amber........ 0 ......-. 2 “ 
Tineture of benzoin....... co ae - 


The manipulation is the same as that described 
above. . The soap may be dyed pink with alkanet or 
cochineal tincture. 

To combine all the properties enumerated above, 
many makers who make a specialty of shaving soaps 
prepare them at a boiling heat. The following recipe 
will, however, give good results at low temperature, if 
the proportions given and the processes described are 
closely adhered to: 

Melt together 200 pounds of tallow and 50 pounds of 
cocoanut oil, and as soon as the mass is sufficiently 
liquid, add 40 pounds of potash lye (30° Be.) and 100 
pounds soda lye (30° Be.) When the soap is thick 
enough to pour, scent with oil of kiimmel, 1 pound ; 
oil of lavender, 1 pound; oil of thyme (white), % 
pound ; fennel oil, 4% pound. 


SHAVING WINDSOR SOAP. 


Melt together 400 pounds of tallow and 200 pounds of 
cocoanut oil. When the temperature is 100° F., stir in 
a mixture of 340 pounds of soda lve (34° Be.) and 60 
pounds of potash lye (30° Be.) When the soap will 
scum in spite of stirring, it is ready for pouring, and 
this is generally the case in about twenty minutes. 
Scent with oil of kimmel, 2 pounds; lavender oil, 24¢ 
pounds ; and oil of thyme (white), 2 pounds. 


YELLOW WINDSOR SOAP. 


Treat as above, and at the same temperature, 250 
pounds of tallow, 150 pounds of cocoanut oil, 100 pounds 
of palm oil, and 250 pounds of lye at 37° Be. Scent 
with oil of lavender, 5 pounds; oil of kiimmel, 2% 
pounds; oil of thyme, 1 pound ; and oil of peppermint, 
1 pound. If the soap is wanted darker, color with 
Uranium orange. 

Another recipe for shaving Windsor soap, only dif- 
fering in the scenting, is as follows : 


Very pure white tallow....... ..... 33 pounds. 


Cocoanut oil (first quality).......... 16 
PE OE BUUR as 65 6009s000berd.s0'e 28 
oS err 5 ” 


Scent a few minutes after pouring with essence of 
caraway, 24g ounces ; essence of bergamot, 3°4 ounces ; 
essence of Portugal, 4g ounce; essence of cloves, ,'y 
ounce; essence of lavender, 144 ounces; and essence 
of thyme, 144 ounces. After the soap is set, cut it up, 
dry the pieces, and rub with a very dry cloth, to re- 
move any adherent dust. 

MILITARY SHAVING SOAP. 

Under this name, a molten palm soap of very agreea- 
ble smell is sold. Five hundred pounds or palm oil 
soap are melted as above, colored with coloring, and 
scented with : 


Oil of cinnamon............. ...1 pound. 
CR IIT oe cine <00cesecciices 16 a4 
Cy Gr PINE 0-0 hac 5 dice coccncwes 146 ve 
COE ian <9 nin 6806. 0060808 1 Kx 
Oil of on 5 er Puli: deddntn eka wets 1g 
Oil of bergamot........ ery 2 ” 


The soap smells especially good when dry.—Soap- 
maker and Perfumer, 
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THE PALATINE HILL OF ROME. 


THE Palatine Hill is one of the hills of ancient Rome, 
and is situated on the south side of the Forum. It 
rises in the form of an irregular quadrangle, and 
is about 1,960 yards in circuit. Like the Captoline 
Hill, it consisted originally of two summits of almost 
equal height, separated by a saddle or depression ; 
however, building operations have materially changed 
its appearance. Tradition places upon this hill the 
dwellings of its heroes before the foundation of the city. 
The Palatine was the original site and center of the 
small village of Roma Quadrata, and fragments of this 
primitive collection of huts, which was the germ of the 
— city which was to be the mistress of the world, 
1ave been found on the Palatine. In the republican 
period, it was occupied by private dwellings. Augustus 
was born on the Palatine, and, after the battle of 
Actium, he transferred his residence to this city of the 
ancient kings. His buildings covered a considerable 
portion of the south side of the hill ; they included, be- 
sides the palace proper, a large Temple of Apollo, and 
a Greek and Latin library. The Emperor Tiberius 
built another palace on the north side of the hill, per- 
haps near his ancestral house. The Palatine Hill did 
not afford sufficient scope for the senseless extrava- 
gance of Nero, who built himself ‘‘ The Golden House,” 
extending from the Palatine to the Esquiline. The 
emperors of the Flavian dynasty once more transferred 
the imperial residence to the Palatine, enlarging and 
adorning the buildings of Augustus. The Stadium was 
erected at a later period, possibly by Hadrian. Septiw- 
ius Severus extended the imperial abode to the south, 
beyond the limits of the hill. The Palatine suffered 
with the general decline of the city. It was inhabited 
by Odoacer and Theodoric, but from the tenth century 
onward the ruins were occupied by monasteries, forti- 
fied towers and gardens. The first excavations were 
made in 1726. The Emperor of Russia made another 
series of excavations in 1848, and in 1857 the ground 
came into the possession of the city. 

In 1861 Napoleon III. bought the Farnese Gardens, 
and the work of excavation has been continued by the 
Italian government. Many interesting topographical 
discoveries have been made, although few works of 
art have been found. The I[llustrirte Zeitung of re- 
cent date had a number of interesting illustrations of 
the Palatine which we reproduce. 

Not all of the hills have been explored as yet, owing 
to the fact that there are two convents that still have 
possession of part of the hill. The intricacies of the 
topography of the Palatine are very great, so that the 
ruins are very hard to study so as to obtain a view of 
the buildings as they existed in their entirety. It must 
be remembered that a large number of the ruins as 
they exist to-day were simply substructures upon which 
the palaces were raised, their function being to make 
level the undulating surface of the hill, as is the case 
with the Palace of Severus, of which we show engrav- 
ings. 

The ancient city occupied the platform of the hill, 
and it was ‘protected on every side by precipitous 
banks and by rivers. In the upper left hand corner of 
our diagram will be noted the Temple of Augustus, 
erected in honor of the deified founder of the empire. 
The temple is particularly notable in connection with 
Caligula’s Bridge, which is supposed to have crossed at 
the valley of the Forum, so as to enable that mon- 
arch to walk on a level from his palace to the Temple 
of Jupiter on the Capitoline Hill. Strictly speaking, 
there was no bridge, the Emperor passing from roof to 
roof of the intermediate buildings, which were bridged 
where streets were crowded with temporary bridges or 
gangways. This is shown at 37 in our plan. 

It should be remembered that each Emperor to some 
extent enlarged, altered, destroyed and reconstructed 
the work of his predecessors, building new substruc- 
tures, cutting new openings, walling up old ways, 
thus subdividing large rooms into smaller apartments 
and changing their uses. We will now make a circuit 
of the Palatine, beginning with the oldest remains. 
At 2 on the plan, at the extreme left, will be seen the 
remains of the early fortifications of the Roma Quad- 
rata. The walls are composed of large blocks of tufa, 
2 feet high and from 4 to 6 feet long. It is now gene- 
rally admitted that they are a part of the earliest forti- 
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fications of the Palatine. The thickness of the walls 
is about 44¢ feet, except at the angles, where they are 
14 feet thick ; their height does not exceed 13 feet, but 
they are supposed to have been 40 feet high. Behind 
these remains is a very ancient reservoir for keeping 
water in the fort, and there are some openings or shafts 
for letting down buckets. At 49 in the plan will be 
found the Domus Gelotiana ; the walls of the rooms are 
very interesting, being covered with graffiti, showing 
that the eS was occupied by veteran troops and fre- 
quented by boys belonging to the school of pages. The 
records scratched on the places by the scholars are 
highly interesting from an archeological and historical 
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tor. The real dedication of it is doubtful. It standg 
on a lofty platform of tufa rock, artificially leveled, 
and occupies a most commanding position. In front 
of it werea flight of steps and two broad terraces, 
only very meager remains now exist. A short distance 
from this temple, at 18, is the ‘** House of Germanicus,” 
or the ‘*‘ House of Livia.” It is very well preserved 
and is a complete specimen of a Roman house at the 
time of Augustus. It is constructed of tufa concreted 
with a neat facing of inserted stones, giving the so. 
called face of “opus reticulatum.” It is divided into 
two portions, the state apartments and the private 
dwelling rooms. The state apartments consist of a 
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MAP OF THE PALATINE HILL, ROME. 


point of view. In this range of buildings was found 
the famous graffito which was long regarded as a cari- 
eature of the Christian Alexamenos, usually known as 
‘** Alexamenos Adores His God,” in which he is in the 
act of worshiping the Saviour, who is represented as a 
man with the head of an ass, hanging from the cross, 
This is believed to have been the earliest representa- 
tion of the Crucifixion, the one discovered a year or 
two ago having not been entirely accepted as represent- 
ing the Crucifixion. Otherinvestigators complain that 
instead of worshiping Christ, it is only a gnostic wor- 
shiping his jackal-headed deity. At 5 is the Scale 
Caci, which is an entrance of the primitive wall of Ro- 
ma Quadrata. It is not a chariot road but a long flight 
of steps cut in the tufa like the rest of the wall of 
Romulus. At 14 is the so-called Temple of Jupiter Vic- 





vestibule which opened on the public street and subse 
quently on the eryptoporticus of the ‘‘ Domus Tiberi- 
ana ;” the other apartments were the triclinium, tab- 
linium, ete., and bedrooms and private apartments are 
found behind, at the higher level of the hill. The paint- 
ings on the walls of the rooms opening into the atriuim 
are found well preserved, being samples of Roman 
wall painting earlier in date that most at Pompeii and 
equal in execution to the best of them. Some of the 
lead water pipes are still found in situ. The pipes 
were joined in lengths of about 10 feet by an enlarged 
socket being formed in one end by beating it overa 
wooden conical core, while the other part was con- 
structed by hammering so as to slip into the enlarged 
yart, and then the two ends were soldered together. 
"he House or Palace of Augustus is shown at 48. It 
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was discovered in 1777; the front of the palace over- 
jooked the circus and the Aventine and had ten win- 
dows besides the central door. The inner peristylium 
was 100 feet long and 90 feet wide. It was ornamented 
with 56 pillars of the Ionic order. The building must 
have been superb, but unfortunately the remains are 
vey scanty. : y 

The Stadium is shown in our engraving and also 
at 50 in our diagram and occupies the south side of the 
jeveled plateau. It is a circus-like building about 625 
feet long and 155 feet wide, and separated the house 
of Augustus from the Baths of Severus. It was built by 
Domitian and was enlarged and restored by Hadrian 
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transformed the plan and destination of the building. 
The arena, once possibly used for athletic sports, or. 
perhaps, for flower beds, was then occupied by a large 
oval basin. It may have been for asmall amphitheater; 
this is shown in our engraving, which alsoshows the 
curved end fragments of the pillars of the portico. In 
the upper left hand corner will be noted the Roman 
method of throwing up walls of brick and tufa to im- 
mense beights by putting in arches at intervals. The 
Stadium furnished an excellent quarry of building ma- 
terials during the middle ages. 

We now approach the Palace of Severus (55 in 
plan), of which we present two engravings. The re- 
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LOOKING DOWN UPON THE STADIUM. 


avi Septimius Severus. The Imperial Tribune occu- 
pied the point marked 51 in our diagram. This 
Tribune opens in the middle of the south wall and 
wes added by Hadrian; it is divided into two floors. 
Tie Tribune itself was on the upper floor and was or- 
nuinented with beautiful pillars of marble and red 
granite. The nichesof the cycle contained statues of 
amazons. There seems to be considerable doubt as to 
the funetion of the so-cailed Stadium. Prof. Marx, 
quoted by Lanciani, considers that the name is wrong 
and that the place wasa garden attached to the house 
of Augustus. 

Various emperors tried to keep the Stadium in re- 
pair, and even as late as Theodoric, attempts were 
made to buttress the walls. He seems to have also 
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mains have been very hardly treated by man and by 
time, and only the immense substructures remain. Dur- 
ing the middle ages the monks who held the property 
rented them out for various purposes, and the practice 
appears to have been kept up, for Lanciani notes that 
as late as 1862 they were used forthe storage of hay, 
and a terrific fire occurred in that year which burned 
1,000 bales of hay and threatened to destroy the whole 
mass of buildings. The methods of heating by hypo- 
zausts and walls covered with flue-tiles may well be 
studied here, and the remains show the enormous 
strength possessed by Roman concrete and the freedom 
with which they used it. 

Travertine corbels were built in at the springing of 
the arches ; these were to support the wooden center- 
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ing or framework on which the semi-fluid concrete was 
cast into the required form of arches and vaults, and 
have the double advantage of doing away with lofty 
wooden seaffoldings to support the original centering 
and of making future repairs economical. 

Parts of the Palace of Hadrian are seen at 53. Most 
of the building has been destroyed, but it has furnish- 
ed many rich fragments of architectural decoration. 
The substructures of the Palace of Severus destroyed 
many of the rooms. Parts of the Claudian aqueduct 
are shown at 56 and also in the engraving. A series of 
storage cisterns was provided. These cisterns were ar- 
ranged at different levels with communicating open- 
ings, so as to overflow from one to the other, and 
were made to supply different parts of the lower 
rooms of the Palace of Severus. At 57 are Roman 
shops of the first century A. D. 

Having skirted the ruins of the western and southern 
sides of the Palatine, we will next take up the Flavian 
Palace, 21 to 29 on the plan. The enormous theft of 
land from the Roman people by Nero for building his 
‘*Golden House” was atoned for by the politic Vespa- 
sian and Titus, who destroyed the sumptuous palace of 
Nero and devoted a great part of its site to the 
pleasures of the people by building the Colosseum and 
the Baths of Titus on the Esquiline. After he de- 
stroyed the ‘‘Golden House of Nero,” the Emperor 
Titus began to build a palace on the Palatine Hill; 
this is usually known as the Flavian Palace. The 
great building of Domitian contains no private rooms 
or domestic offices and was merely a vast series of state 
apartments, and was an adjunct to the earlier palaces 
which the emperors continued to use for all private 
purposes. The construction of the new palace caused 
important changes to be made in the contour of the 
Hill. It was raised on a large and lofty platform. The 
palace consisted of a large open peristyle, and around 
it are grouped the various publie rooms of which the 
palace consisted. limported granites and marbles were 
freely used all through the building, and specimens of 
the pavement and marbles which have been obtained 
are among the most beautiful which have come down 
to us. Probably the most interesting room is the 
nympbeum, a room completely lined with various 
kinds of marble, native and foreign, with niches for 
statues, while in the center was a large water basin 
into which jets poured from the central raised part. 
Aquatie plants and flowers in pots were set among 
statues ; large windows opened from the triclinium, 22, 
into the nynphzeum, so that the banqueters would be 
cooled and refreshed by the splash of the falling water 
and the scent of the flowers. The throne room was 
the most magnificent of all. A considerable portion of 
the middle part of the Palatine has not as yet been 
explored ; portions of Nero’s Palace may be seen at 42, 
but only substructures remain. The Temple of Jupiter 
Stator, which is of considerable historical importance, 
is seen at 40. 

We have now reached the enormous collection of 
buildings which entirely cover the side of the Palatine 
which overlooks the Forum. They consist very largely 
of the substructures of the Palace of Caligula. The 
original contour of the hill was very much cut away 
and altered in form by this gigantie building, which 
spread out, not only over a large space on the top of 
the hill, but also over the sacred Grove of Vesta, and 
the ground once occupied by the houses of Clodius, 
Cicero, and other wealthy Romans. The whole build- 
ing must have reached the astonishing height of over 
120 feet and possibly a good deal more. The various 
substructures at different levels are connected by 
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THE PALATINE HILL AS SEEN FROM THE AVENTINE. 
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numerous staircases, so that it is almost impossible to 
make out the precise uses of a great many of the rooms 
that now exist. The ruins are particularly vaiuavle as 
showing all the best forms of Roman construction. In 
the Gaeeeqenene, No. 31 in the plan, it is probable 
that Caligula was murdered. It is nearly 400 feet long 
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ENGRAVED SHELLS. 


It seems hardly credible that prehistoric artists 
should have left us works of art engraved upon a me- 
dium so fragile and difficult to manipulate as polished 
shell. Yet we find among the earliest of Egyptian and 














































































and runs to the house supposed to be that of German 
icus 

The Palatine is the property of the Italian govern- 
ment and excavations have been regularly carried on, 
and in time the nation will undoubtedly possess all of 
the real estate, so that the entire hill will be explored. 
It requires at least two days to make anything like a 
satisfactory examination of the Palatine and at least a 
week wust be spent in making a thorough examina- 


SUBSTRUCTURES OF THE PALACE OF SEVERUS. 


Chaldean relies large shells skillfully and elaborately 
engraved with representations of men and animals. 
What tools were employed by these primitive artists 
we do not know ; they certainly had not finely pointed 
steel burins ; but they evidently found sharpened flint 
or obsidian, or, perhaps, bronze needles, equaily good, 
for they have been able to trace a variety of curves and 
angles requiring great care and skill without any ap- 
parent slip of the graving tool. 
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tion of this most interesting collection of ruins of im- 
perial Rome. 

















To Drill or Turn Aluminum:—Use kerosene oil (coal 
oil) for drilling or turning aluminum. 




















Shell gorgets, plain or engraved, seem to have been 


much worn as ornaments in prehistoric times, as they 
still are among the South Sea Islanders, who formerly 
engraved their shells with 
sharks’ teeth, but now probably use broken glass or 


implements of bone or 
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iron nails, procured from passing vessels, but they do 
not produce the elaborate designs of ancient Egypt. It 
is, however, in ancient America that we find the mogt 
numerous engravings on shell, some of which are as 
elaborate and full of detail as those of Egypt and Cha}. 
dea, while others are of extreme primitive rudeness, 
The most curious and archaic of these are masks, nade 
of a large univalve shell, upon which the human face 
is rudely depicted ; in some the eyes only,are indicate 
by two holes bored in position, in others the shell jg 
cut away to form a nose, and a hole is made for the 
mouth. Then we see circles drawn round the eyes, and 
tattoo or tear marks traced from them in zigzags down 
each cheek, while in some there is a further tattoo 
mark from the eye to the nose and across the chin, 
These shell masks have been found on skeletons ijn 
mounds, chiefly in Tennessee, but also in Kentucky, 
Virginia, Illinois, Missouri, Arkansas, and New York, 
those from the latter State being of a somewhat dilfer- 
ent type and smaller in size. 

Next to these curious shell masks may be notice! a 
number of gorgets of somewhat similar form, engraved 
with the most uncouth figures, and bored with many 
holes. These are supposed to represent the human 
form, but it requires a very considerable stretch of : he 
imagination to discover head and arms and legs in ‘he 
contorted, convoluted figures traced upon these she'!ls, 
which would seem rather to represent some mythol: gi- 
cal monstrosity, although the hands are distincily 
marked with curved thumbs. More easily defined, ai- 
though far from clear, is the representation of the 1 .t- 
tlesnake, which may always be distinguished by an «-x- 
aggerated rattle in some part of the engraving. In ¢\n- 
trast to these rudely carved specimens, we find b: ld 
representations of spiders, which are unmistaka!l |e, 
and of the heads of birds combined with a square ¢ n- 
blem, and usually with a cross in the center, the er. ss 
likewise appearing on the backs of the spiders. \|I 
these are still religious symbols among the Red |n- 
dians, and doubtless have been so for many centuri:s. 
The Spanish priests, on their first arrival in Ameri: 1, 
were astonished to find the cross already in use as a 
holy symbol, but it seems to have been employed in a :- 
cient Mexico, and among most of the northern trib: s, 
as symbolizing the cardinal points, which, with tle 
winds blowing |from them, are still highly rev: r- 
enced and have special colors assigned to them. Hen. e 
the crosses now set up in the great religious and he: | 
ing ceremonies of the Ojibwas are cut square at ti.e 
base and painted in four colors—white on the easte:n 
side, green toward the south, red toward the west, and 
black toward the north. 

The square, with twisted corners, signifies the coi- 
centrated winds in Navajo symbolism, while birds, 
spiders, and rattlesnakes are not only totems of powe” 
ful tribes, but have many legends attached to thein 
among several of the Indian = With the Che 
okees, the spider is revered as having brought fire to 
mankind. he engraved shells denominated Runte-s 
are large, flat, circular beads, with two holes bore.| 
through the thickness of the shell, leaving the surface 
free for ornamentation, which usually consists of a row 
of circles with a dot in each round the disk and a cro:s 
of the same dotted circles in thecenter. Schoolerait 
looks upon these as badges of honor, and describes 
them as consisting of a ‘“‘circular piece of flat shell, 
from one and a half to two inches in diameter, qua 
tered with double lines, having the devices of dots be 
= them, and doubly perforated in the plane of the 
circle.” 

Still more remarkable are objects known as scallope:! 
shell disks found upon the breasts of skeletons: in som 
ancient graves ; these are all of one pattern, consistiny 
of a dotted circle in the center, from which three or 
sometimes four volutes are drawn, surrounded by « 
plain circular band, beyond which is a broader ban: 
ornamented with eight or more double circles, b« 
tween which are numerous small dots, the whole being 
surrounded by thirteen or fourteen bosses, forming « 
scalloped border. Two holes are made for suspension, 
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and one at least of these gorgets has heen painted red. 
The design resembles exactly that to be seen on Japan 
ese drums, and the central volutes are such as are used 
in many countries as a sun symbol, and which may be 
seen on some of our ancient churches. American anti- 
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quaries look upon these disks as of the nature of cal- 
rs. 
ener more elaborately engraved shells have been 
found in some of the American mounds, some of which 
may fairly compare with the Egyptian and Chaldean 
specimens. The most beautiful of the American exam- 
ples is, unfortunately, imperfect, but evidently repre- 
sents two winged figures with gryphons’ claws instead 
of feet, contending for some object. They are appar- 
ently exact counterparts, and each holds what appears 
to be a curved pointed weapon in one hand and ashort 
doubly pointed staff in the other, but the heads of both 
have disappeared, and the whole, when found in the 
McMahon mound, was in such a decayed state as to 
necessitate immersion in glue before it could be re- 
moved ; When entire, it was nearly five inches in dia- 
meter —Leisure Hour. 


EXPORTS OF AMERICAN FURNITURE. 


Tu United States were for many years a market for 
foreigi-made furniture, especially of the higher and 
more expensive grades. ahogany tables, sideboards 
and cxbinets, and furniture of rosewood and ebony, 
parti ilarly desks and tables, were familiar articles of 
supp!., coming chiefly from England and France. In 
the « -eaper lines of furniture the American market 
was upplied with American-made products, but the 
impo:tations were considerable and grew year by year 
until ‘he enormous development of America’s product 
of fa tory-made furniture completely transformed the 
situs !on. 

By, the last Treasury report, the total importations 
into he United States of cabinet ware and house fur- 
nish gs collectively amounted to only $275,000, and the 
year previous it was about the same, while the total 
vali of American-made furniture is now in excess of 
$10. 00,000 a year. The three chief cities in furniture 
ma: ifactureare New York, Chicago, and Grand Rapids, 
and “he business of the latter, which had by the last 
Fed ral census 31 furniture factories and has still a 
gre: er number now, has been steadily increasing. 
The are in all the United States nearly 1,500 furni- 
tur: factories, distributed throughout nearly all the 
Sta -s; but relatively few of them are in the Southern 
Sta es, from which some of the most desirable wood for 
fur. ture comes. An exception to this general rule is 
Ge: ‘gia, in which Atlanta and Macon have furniture 
fac’ ries that turn out considerable work. The supe- 
rior ty of Michigan woods for furniture making has se- 
eur:d the establishment of a number of factories in 
cit: 5 of that State besides Grand Rapids, Saginaw and 
Mu-kegon among them. The Pacific Coast States are 
co..ing competitors in this field, too, Washington and 
Ca‘ifornia having wood of the desired quality and in 
ali: ost inexhaustible quantities for furniture making. 

ong with the increase in the home manufacture of 
fu: :iture for the American warket, there has been de- 
veloped an extensive foreign trade in American furni- 
tur’, completely changing what was the rule up to a 
few years ago of the excess of imports over exports 
in ‘his article of commerce. Last year the exporta- 
tio.s of American furniture to foreign countries were 
to the value of $3,700,000, and it is a curious fact that 
the country to which the largest quantity went, exclu- 
sive of England and Canada, was Africa. The expor- 
tations of American-made furniture to Africa, notwith- 
stauding the current belief that the household furnish- 
ings of native Africans are about as meager as their 
everyday clothing is sparse, amounted to $343,000. ‘To 
Australia, American furniture to the value of $185,000 
was sent: to Asia, exclusive of China, Japan, and 
India, $147 000 ; to the Argentine Republic, $62,000 ; to 
Mexieo, $157,000 ; to Cuba, $25,000 ; to Porto Rico, $6,- 
000: to the other West Indian Islands, $125,000 ; to 
Brazil, $36,000 ; to China, $21,000 ; to India, $18,000 ; to 
Japan, $27,000 ; to the United States of Colombia, $33,- 
000; to Canada, $523,000; and to England, $1,027,000. 
The other European countries did not take much 
American-made furniture, though there were exports 
to France to the value of $234,000, and to Germany to 
the value of $315,000. A still larger market for Ameri- 
can furniture would seem now to be probable, for its 
quality is constantly being improved, and there is at 
the same time a lowering in prices, and these two con- 
siderations point to increasing trade, even apart from 
the evident expansion of all American markets, 





BEDS OF THE VARIOUS NATIONS. 


IN England the old four-poster bedstead is still the 
pride of the nation, but the iron or brass bedstead is 
beating it out of the field. The English beds are the 
largest beds in the world. A peculiarity of the Ger- 
man is its shortness ; besides that, it consists frequently 
in part of a large down pillow or upper mattress, which 
spreads over the person and usually answers the pur- 
pose of all the other ordinary bed-clothing combined. 
Ii) the tropics men sleep in hammocks or upon mats or 
grass. The East Indian unrolls his light, portable 
clarpoy or mattress, which in the early morning is 
again rolled together and carried away by him. The 
Jipanese lie upon matting, with a stiff, uncomfortable 
wooden neck rest. The Chinese use low bedsteads, 
often elaborately carved, and supporting only mats or 
coverlids. The ancient Greeks and Romans had their 
beds supported on frames, but not flat like ours. The 
Egyptians had a couch of peculiar shape, more like 
an old-fashioned easy chair, with hollow back and seat. 
—The Sanitarian. 


The results of an investigation by M. Considére to 
ascertain the value of metallic cores for strengthening 
mortar and concrete have recently been published. M. 
Considére, says The Builder, has arrived at the con- 
clusion that mortar armed with an iron core can 
undergo without rupture an elongation twenty times 
as great as would be possible without the aid of a 
core. Tests were made with various mortars and con- 
cretes, using prisms of square section 60 em. long and 
6em. in the side, in which were embedded rods or 
wires of iron. M. Considére is of opinion that injury 
to buildings by the settling of foundations, unequal 
expansions, and shocks, is much less liable to occur 
when cores are used, and finds that wrought iron and 
hard steel of the kind used for rails is capable of 
strengthening mortar and concrete to a much greater 
extent than is the iron usually employed for cores. 
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(Continued from SupPLEMENT, No. 1220, page 19553.) 
WILSON’S PREHISTORIC ART.—II. 


THE NEOLITHIC PERIOD. 
IN our last issue we dealt with the Paleolithic period 
as treated by Professor Wilson in his ‘ Prehistoric 
Art,” and we now take up the Neolithic period, which 
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arts of that period. On the contrary, in the Neolithic 
period there are innumerable specimens of decorative 
art as applied to industry, while we are wholly without 
graphic delineation of the animals of the period, and 


no attempt seems to have been made to represent any 
living thing or to make a representation of nature in 
any of its forms. 


The art of this period was entirely 


Fie. 1.—HUMAN FIGURE—STONE—GEORGIA. 


was first discovered in Western Europe, although sav- 
ages in that culture status in other parts of the world 
had been known long before. It, along with the 
Paleolithic period, is classed as part of the Stone Age, 
because the principal cutting instruments continued to 
be made of stone. There were radical differences be- 
tween these two periods, differences in climate, geo- 
graphy, fauna, domesticity of animals, sociology, in- 
dustry and art. We will not concern ourselves with 
these subjects, important though they are, but will 
proceed immediately to the consideration of the art of 

















Fie. 2.—STONE STATUE—FRONT VIEW. 


the two periods. In the Paleolithic period we have 
seen that a large number of sculptures: were executed, 
and even a very crude form of painting was attempted; 
how nearly every animal belonging to that epoch from 
man down has been graphically represented in the fine 


decorative and consists of marks, lines or dots, usually 
by incision in geometric form, such as hatch marks, 
zigzags, herringbones, chevrons, parallel lines and 
thumb marks. These decorations were principally em 
ployed in plastie art, and usually for the decoration of 














Fie. 3—STONE STATUE—SIDE VIEW. 


pottery. Graphic representations of this decoration 
show it to have been similar to that of the Paleolithic 
period, yet the likeness is more apparent than real. In 
Paleolithic times the decoration was principally by 
representations of objects taken from nature, and the 
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geometric designs were used sparingly. Not so, how- 
ever, in the Neolithic times. The designs, still geo- 
metric, were more complete, were larger, more ex- 
tended, had greater continuity and were used a thou- 
sandfold more than in Paleolithic times. 

The art of flint chipping was begun in the Paleolithic 
and continued until the Neolithic period. The funda- 
wental distinction was that in the Neolithic period, 
after the preparation of flint instruments by chipping 
or battering and pecking, most of them were finished 
by the secondary process of grinding and in many cases 
polishing. 

Prof. Wilson devotes a considerable amount of space 
and a wealth of illustration to this subject, which we 
can do no more than touch upon here. The engrav- 
ings represent hammer stones, flakers, daggers, spear 
heads, implements of various kinds, polished stone 
hatchets, ceremonial objects, banner stones, gorgets, 
pendants, plummets, charms, ete. He then considers 
jade and hard stone objects, which were often beauti- 
fully polished and wrought by sawing and engraving, 
some of the most interesting being from Mexico and 
Central America, including jaceite masks, ete. 

Aboriginal seulptures in North America are quite 
different from those of Europe. The Neolithie peoples of 
the United States were the North American Indians or 
their ancestors or predecessors, who made many pieces 
of sculpture in stone, wood, or pottery, representing 
animal as well as human faces and forms. Most of 
these were rude, though they sometimes presented the 
subject in a bold and marked manner. The sculp- 
tures in stone exhibited a sxill in art inferior to that 
displayed in flint chipping, drilling, and polishing. 
The ordinary decoration of objects was not, as in Eu- 
rope, confined to geometric designs. It appears as 
though the aboriginal American artist gave his fancy 
free rein, was not hampered by rules of art nor deterred 
from the most daring attempts by any imaginary me- 
chanical or technical difficulties. This may be seen by 
our first engraving, which represents a human figure 
sculptured in stone. It is in perfect condition and was 
found near Stilesboro, Bartow County, Ga. It is 21% 
inches high and weighs 56 pounds. It is without a 
break of any kind. The figure is seated, and the legs 
are represented in the solid stone as though crossed, 
but in an impossible manner. The material is a fine- 
grained sandstone and the entire figure has been work- 
ed out of the solid rock. It has apparently been done 
altogether by battering or pecking into form and then 
rubbed orjscraped smooth, and is not polished. The 
head rounds over the top of the skull, is broad across 
the middle, and the ears project. The eyes are oval ; 
the nose is straight, the chin isshort and rounded. The 
mode of treating the mouth is specially noted. The 
hands and arms are specially rude, the fingers being 
only indicated by scratches. 

Prof. Wilson gives a number of other examples of 
stone figures, and our second and third engravings re- 
present the front and side views of the stone statue 
from Etowah Mounds, Bartow County, Ga. The female 
figure is in a sitting posture, is 1594 inches high and 
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5.—HEAD-SHAPED VASE. 





SCIENTIFIC AMERICAN SUPPLEMENT, No. 12721. 


weighs 331¢ pounds. It is eut out of a soft taleose rock 
and was originally of a grayish hue, and it now pre- 
sents a ferruginous appearance. The ears are pierced, 
and the head is represented bald; there is a hole in 
the center of the head, which probably forms the socket 





Fig. 7.—THIN COPPER PLATE FIGURE. 


in which some head ornament was placed. Springing 
from the back of the head is a substantial handle by 
which this image could have been securely suspended 
or safely transported from place to place. The left arm 
was broken off, but otherwise this idol was in a state of 
remarkable preservation. 

It was not only in stone that the native sculptors 


showed their skill, but also in pottery, and our fourth 
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and fifth engravings give excellent examples of two 
head-shaped vases from Pecan Point, Ark. The fourth 
engraving represents a simple head five inches jp 
height and five inches wide, ear to ear; the aperture of 
the vase is in the crown, and is surrounded by a loy 
upright rim, slightly recurved ; the cavity is rough) 
finished, and follows pretty closely the contour of the 
exterior surface, excepting the projecting features 
The paste is yellowish gray in color and rather coarse 
in texture ; the vase was modeled in the plain clay ang 
permitted to harden before the devices were engraved. 
After this a thick film of fine yellowish gray clay was 
applied to the face, partly filling up the engraved lines 

he remainder of the surface, including the lips, re 
ceived a thick coat of dark red paint. The whole syr. 
face was then highly polished. The face cannot be 
said to have a single feature strongly characteristic of 
Indian physiognomy. We have, instead, the round 
forehead and projecting mouth of the African, says 
Prof. Holmes, who is quoted by Prof. Wilson. Our 
fifth engraving represents another head-shaped vase 
which closely resembles the one first described, but js 
not quite so well executed, the head not having such 
pronounced individuality. Prof. Wilson gives a |arge 
number of illustrations of interesting vases, po'tery 
bowls, effigy bottles, ete. The section of Prof. Wilson's 
book on pottery, both here and in Europe, is one of 
the most interesting sections of his book. 


THE BRONZE AGE. 


There appears to be a gap or hiatus between the 
Paleolithic peoples and the Neolithic peoples in the 
occupation cf western Europe. There were certvinly 
vast distances between their respective cultures, anid it 
has been believed that there was a solution of the «on. 
tinuity of occupation in western Europe between tiese 
two epochs. The contrary appears between the \eo- 
lithic and Brovze ages, at least for western Europe, 
where the introduction of bronze and its subseq:ent 
use for weapons and instruments seems to have oe. 
curred among the same people. The advent of bri nze 
for these purposes was by immigration or introduc: ion 
from some other country, and the peoples who use:! it 
this year were probably the same as used the stone im- 
plements the previous year. Therefore, the intro: ue- 
tion of bronze, while it made changes in their im)le- 
ments, and so wrought changes in their mechan cal 
abilities, yet had comparatively little influence u)on 
their art. The discovery of the fusion of copper nd 
tin, both comparatively soft metals, making a ew 
metal harder than any other then known, capable of 
being cast, and, when cast, capable of being made 
sharp and holding a cutting edge, was a great ste} in 
human culture and calculated to revolutionize the ces- 
tiny of the human race. The Bronze age had no ex- 
istence in the western hemisphere during prehistoric 
times; all objects of bronze found among the abor- 
igines are believed to have come from Europe. 

Many objects of wrought copper have been found in 
America. The Lake Superior copper mines in the 
States of Wisconsin and Michigan appear to have 
been the center of manufacture, from which the <is- 
tribution took place, and thence the wanufactured iin- 
plements spread in gradually decreasing numbers in 














Fie. 6.—REPOUSSE THIN COPPER PLATE—GEORGIA. 
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every direction throughout the present territory of 
the eastern United States. The modes of treating 
copper. whether by smelting, melting, casting, or ham- 
wering, and if any or all of these, have ne, er been fully 
investigated nor have they been satistactorily deter- 
mined: Some of these objects were certainly of native 
copper hammered cold, and they were thus made into 
bracelets, rings, and similar objects of personal adorn- 
ment, and also into axes, knives, and spear-heads. 
Prof. Wilson is aware that there was in Europe a 
Copper age intermediate between the Neolithic and 
Bronze ages. The only proposition which he presents 
in his monograph is that copper was used in the 
neighborhood of Lake Superior to make cutting im- 
ylements of similar form to those of stone, and that, 
despite the numbers of such impiements found, copper 
did not change the culture of the people ; it did not es- 
tablish a Copper age as bronze established a Bronze age 
in Europe; it was not an epoch-making discovery or 
invention, and the mode of making and using stone 
implements by chipping and polishing was not super- 
seded by the discovery of copper. 

Among the many mysteries of prehistoric archeo- 
logy growing out of mound excavations in the United 
Stat.-, wherein are found strange and wonderful things 
of undoubted genuineness and antiquity, none are 
more unexplained than the thin sheets of copper 
wrouzht by repoussé work into curious and unknown 
devices which are found in mounds and earthworks in 
wide!y separated regions of the country. We present 
(Fig. j) an example of a thin repoussé copper plate of the 
human figure from Mound C, Etowah group, Georgia. 
The ‘eading motive seems to be Mexican and Central 
An ican. Prof. Thomas thinks that these plates are 
not wholly the work of the Indians inhabiting the 
sou ern section of the United States, and he thinks it 
pro}able that they were made by an aboriginal 
art|-.n of Central America or Mexico of ante-Colum- 
bia: times, if not from the designs themselves, from 
the «pparent evidence that the work was done in part 
wit), hard metallic tools. To the latter conclusion 
Pro'. Wilson does not agree; the proposition may be 
tru:, but there is no evidence of it. Other thinly 
wrought copper plates have been found in the interior 
St: es, notably Illinois and Ohio, and our seventh en- 
gr. ing represents another thin copper figure from the 
sai e mound, Our eighth engraving represents a cop- 





Fig. 8.—COPPER HEAD-DRESS WITH SPROUT- 
ING HORNS. 


per head-dress with sprouting horns. It was found in 
the Hopewell mound of Ross County, Ohio. Strange 
to say, the head-dress was on wood horns carved to re- 
present elk horns. The wood of,the horns was entirely 
covered with thin sheet copper neatly and artistically 
placed, so as to have the appearance of solid copper, 
and the portions of the wooden horns are seen project- 
ing through the top. 

Prof. Wilson then takes up the use of gold and silver 
for adornment and gives some interesting examples of 
beautiful gold objects which formed at one time the 
jewelry of the savage people. Our ninth engraving 
represents a series of gold objects from Bogota, Colom- 
bia, South America, and shows to what a remarkable 
degree the natives of South America had attained in 
the goldsmith’s art. The third and last section of 
Prof. Wilson’s monograph is devoted to prehistoric 
musieal instruments and occupies some 150 pages of 
* Prehistoric Art.” We may at some future time 
review this special section of the book. We cannot 
close our somewhat lengthy review of Prof. Wilson’s 
book without expressing our appreciation of the won- 
derfal work which the Smithsonian Institution is do- 
ing in publishing a work of so much real importance 
as Wilson’s ** Prehistoric Art.” 


THE LOVE-GIFTS OF BIRDS. 


APRIL and Mav are the chief months, says Charles 
\. Witehell in Knowledge, in whieh wild birds are 
nesting ; and in these months the birds’ small property 
is most heavily taxed by collectors. All but a minute 
fraction of this waste of egg-life is useless. But this 
is an old theme. The remark might be permitted, 
however, that in the treatment of wild birds the 
country should learn from the city, where public 
ornithology rises above the use of the gun, and knows 
how to tame as well as how to kill. It might be of 
benefit to the sportsman who goes to the seaside armed 
with a gun if he were to stand for five minutes on the 
imbankment, or on the bridge in Regent's Park to 
see the gulls fed. 

It is proposed to treat of the restraint of a wild bird's 
impetuous voracity when it offers food to a courted 
companion ora brooding mate. The incident proves 


the bird to be akin to man in sense and feeling; and 
even the possession of ulna, radius, and metacarpals, 
will never prove that. 


It is not every animal that 
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rises to so high a level as to share dinner with a mate ; 
not all dogs, nor even all human beings, attain to it. 

Of course, if adult birds of any species habitually 
fed each other on ordinary occasions, the same be 
havior in the breeding season would be no evidence 
that it had anything to do with love. But the con- 
verse is the case. I have never heard of a wild bird 
which habitually shares its food with a mate. In times 
of scarcity, however, a bird has sometimes been ob- 
served to feed a companion. In the severe winter of 
1879-80 there was a good deal of snow in the western 
eounties, and the rooks had a bad time, finding a diet 
of mangold insufficient. Several of them came to a 
garden in which the birds were fed. Another rook, 
whose flight betrayed its lightness and weakness, 
perched in a tree there, and one of the usual two or 
three took up a piece of bread directly to the new- 
comer, and gave it up to him without any show of re- 
sistance or anger. I saw this from a distance of about 
twenty-five yards. Quite possibly the birds were 
mates; but the incident is only mentioned for its 
rarity. 

In the nesting season the males of many species feed 
their mate on or “off” the nest, as is well known. 
The rook, for instance, brings food to his mate, who, 
when receiving it, flutters her wings (a frequent habit 
at this time), and also utters a hoarse cry similar to 
the cries of the young. The adult rook utters this 
note on no other oceasion. In several species of finches, 
also, the male feeds his sitting mate. I have seen this 
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is the insertion of the beak of the male into that of 
the female, and this is accompanied by a shuffling of 
the wings exactly as occurs when the young are. fed. 
It does not appear, however, that any considerable 
amount of food (if any at all) passes from the male. 
Homers never omit this performance before pairing. 
The male hower is passionately fond of his home, his 
mate, and his young. But though his mate is a model 
wife, he is not a model husband, and often, especially 
if a strong flier, he is likely to bring domestic troubles 
into the life of any unmated young female bird in the 
loft. But it is a general rule for the cock to “feed” 
only his own hen, though there are exceptions to this 
rule. This very curious fact has often been noticed 
by my brother. Itindicates that to the wife of the nest 
this courtesy of the pigeon is reserved, and that the 
other birds are deemed unworthy of it. These obser- 
vations do not apply to pouters, runts, and trumpeters, 
which are *‘ very immoral.” It should be remembered 
that homers live the most naturally of any except 
farmhouse pigeons, and they may, therefore, be sup- 
posed to possess the natural instincts of their race in 
greater vigor than any other fancy breed. 

Returning to wild birds, my opportunities have been 
too limited to enable me to generalize ; but the follow- 
ing observations may be not without value to those 
who try to see in the bird a sentient and tender being. 

A few days after the arrival of the spotted flycatcher, 
a pair of them were in a near tree. The male often 
attempted a song, and was evidently following the 





Fie. 9.—GOLD OBJECTS. 


done by the chaffinch, greenfinch, linnet, and lesser 
redpole. The recipients shook their wings and uttered 
-all-notes. The food thus bestowed could hardly be 
termed a “love-gift”: but when, before birds have 
a nest, and apparently before they have paired, the 
male gives the female morsels of food, it is fair to 
assume that this courtesy is intended as an earnest of 
passion—that it is, in fact, a love-gift. 

I do not know of any book to which the student can 
refer for information on this fascinating theme. He 
should, therefore, refer to the book of nature; and if 
he will use a small telescope, and be silent, he should 
easily obtain information from this source. 

Among the raptores, it is probable that the brood- 
ing female obtains food chiefly by the agency of her 
mate. Major C. Hawkins Fisher (the well-known fal- 
coner) informs me that the male peregrine hunts all 
day to supply the domestic larder, which is in the 
charge of his mate. 

Among domestic birds, the common fowl affords a 
conspicuous instance of gallantry when the male calls the 
females to some choice morsel. He obviously intends 
the tid-bit only for the hens, and any rival attempting 
to partake of it is at once attacked. 

In regard to domestic pigeons, I have obtained in- 
formation from my brother, Mr. E. N. Witchell, who 
has been for many years a successful flier of homing 
pigeons, and has from childhood kept this and other 
varieties. One of the indications of pairing by pigeons 


female. He suddenly went forth on a longer journey 
than usual, as though for a larger insect, turned and 
went to the female, and in the gentlest manuer pre 
sented to her the captured insect (which appeared to 
be of the size of a bee). She took it sedately. Shortly 
after, she received another gift of the same kind. A 
second pair of flyeatchers behaved in precisely the 
same manner. Last April a male robin gave some 
food in the same way to its mate. Both birds often 
uttered their call note. 

Several male chaffinches, before nesting time, gave 
captured insects to their intended mates. All these 
insects were captured in flight. The chaffinches were 
full of ardor, the males, all a-flutter with excitement, 
following the females, and with the cuckoo-like flight, 
which is one of the bird's surest signs of love, and re- 
peating the soft love-note almost incessantly. 

On one of the first davs of May, two willow wrens 
were busy in a hedge. The male often sang, but was 
mainly intent on keeping near his companion, who 
appeared to be a female bird. She was seemingly in- 
different to his presence, and hunted for insects with 
all the graceful activity of her species. But she re- 
mained in the same spot. The male was greatly ex- 
cited, his wings lowered and pulsating, and his call- 
note prolonged to a scream rather than a chirp. 
Through the telescope it was evident that she also 
was trembling a little. Suddenly the male darted 
forth, returned and alighted near the other. He then 
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without haste went to her, and her beak met his. The 
incident was so brief that the telescope could not be 
used ; but it was, perhaps, fair to assume that he had 
found and bestowed a love-gift. She accepted it with 
the same sedateness that the female flycatchers, chaf- 
finches, and robin had exhibited in the like circum- 
stances. 


CULTIVATION OF THE VANILLA BEAN 
IN MEXICO. 


THE State of Veracruz has been considered the home 
of the vanilla, but recent developments show that va- 
nilla can be cultivated in the State of Tobasco and on 
the Isthmus of Tehuantepec. The true home of the 
vanilla, where it flourishes best in its wild state, is a 
narrow strip about 30 miles wide, 5 miles back from the 
coast, and 90 miles long. The upper end of this strip 
is about 50 miles south of Tampico and extends along 
the coast 90 miles toward the city of Veracruz, the bot- 
toms along the Tuxpan, Casonez, and Nautla Rivers 
and the creeks contiguous constituting the richer parts. 
Here the cultivated varieties yield most without arti- 
ficial fecundation, either on account of the large nuim- 
ber of wild bees in this locality or by self-pollination, 
which some claim is impossible. Artificial fecandation 
must be practiced in order to produce the beans in 
commercial quantities. 

PLANTING THE VINE. 

The vanilla plant is a vine of a light green color, with 
a smooth, waxy, transparent bark. It has a thick, 
waxy-looking leaf, light green in color, 6 to 9 inches 
long, 144 to 2 inches wide, and sharply pointed. The 
vine reaches out tendrils which cling tightly to its tree 
support, but do not, as some believe, draw nourishment 
from the tree. 

The best time to set out the vines, or rather cuttings, 
is in April or May. The cuttings are the vines divided 
into lengths, usually 24¢ to 3 feet long. Some of these 
can be cut in two according to the number of joints. 
Two or three joints are sufficient to put under the 
ground, with the same number of joints above ground. 
The plants are easy to propagate; in fact, they are 
hard to kill if kept from being-bruised. A cutting can 
be kept in the house on a dry shelf, and it will live for 
months with seareely any apparent change. Cuttings 
can be procured soon after the beans have been gather- 
ed, and usually sell for from $10 to $20 Mexican per 
thousand. 

PREPARING A VANILLA PLANTATION. 


Much depends upon the selection of location. The 
first thing is to have your plantation where one can 
prevent the pilfering of the beans while ripening. 
Enough can be carried away in a person's pockets to 
amount to more than a month’s wages. The tempta- 
tion is great, and often one does not harvest the fruit 
of his own labor; others do that for him, unless his 
vines are where a strict watch can be kept over them. 
Always seiect wild lands and clear out all the large 
trees. A vanilla plantation need not be large. A few 
acres, with care and proper fecundation, will soon pro- 
duce a fortune. Patient care and attention at the pro- 
per time is the chief secret of success. For instance, if 
fecundating is not done in the proper way and at the 
proper hour of the day, the fruit is lost for that year. 
There are other peculiarities about the vine equally as 
essential to know, and success comes only with pains- 
taking and patient care. 

The vines require rich soil, heat, ventilation, shade, 
and moisture. Rich pockets of land along the creeks 
and river bottoms are best. A profusion of wild vines 
of all kinds growing into a jungle, with abundant loose 
soil affording ventilation at the roots, is the best proof 
of the adaptability of the land. Let the land be free 
from sand, on account of drought, and free from clay, 
which would cause the vines to rot during the rainy 
season. Let there be plenty of small trees at the feet 
of.which the vines may be planted. Trees which have 
smooth bark, and which never shed their bark or 
leaves, which grow to be no larger than 2 to4 inches 
in diameter and from 7 to 10 feet high, are best for this 
yurpose. Usually, a variety of such grow on all wild 
ands and any of them are good, if the trunk of the 
tree be smooth, with plenty of sap. A small orange 
tree affords a good trunk for vanilla to grow to. If, 
while clearing the land, there be not enough of such 
trees found already growing to plant the desired num- 
ber of vines (there should be from 1,500 to 2,000 vines 
to the acre), enough should be planted, selecting the 
kinds that make the most rapid growth, which exist in 
abundance and are destroyed by the thousands in 
nearly every new clearing of land. 

The ground should be kept clean from weeds. All 
undergrowth should be thrown around the vines to de- 
cay, and serve as a mulch for the roots. The ground 
around the roots should not be disturbed. One or two 
vines shouid be planted to each tree and tied at first to 
the trunk with some flat, flexible band, such as strips of 
cocoanut leaves or plantain fiber. Round cord should 
not be used, as it is liable to cut and injure the green, 
succulent stem of the vine. Live stock should never 
be permitted ona vanilla plantation. The stem and 
roots of the vine should be disturbed as little as possi- 
ble. The vine needs no cutting or pruning. All vther 
wild vines should be cut out and Tent from choking 
the vanilla vines. The trees should be topped to pre- 
vent too high a growth, so the flowers on be reached 
fromthe ground. Lightand ventilation beneath, shade 
from the sun above, rest, and plenty of moisture—but 
free from standing surface water—are the prime re- 
quisites for the growth of vanilla vines. 

DECAY AND RECUPERATION OF THE VINE. 

* One peculiarity of the vine is that after three or four 
years’ planting, the stem will rot off at the roots and con- 
tinue to rot 3 to 4 feet up the vine, while the top looks 
green and flourishing. In the meantime, from above 
where it is going to rot, it shoots out fine little rootlets 
like threads and continues them to the ground. So 
delicate are these threads running along the trunk of 
the tree, and so prominent the rotted-off end of the 
stem, that it gives the vine the appearance of living in- 
dependent of the earth, giving rise to the theory that 
it is an air plant. It will sustain itself in a severed 
state; but to make material growth and fruitage, it 
must connect itself with Mother Earth. 


YIELD. 
The new vine will commence bearing the third year 
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from planting, and full crops may be expected the fifth 
year. A vine will bear from fifteen to forty-five beans 
a year. I have seen as high as thirteen full-sized beans 
in one cluster, and frequently see clusters of nine. 
Some vines have been known to produce as high as 
sixty-five beans at one time. Twenty beans to a vine 
is a good average. 

A green bean is worth from 8 to 14 cents at present 
in this market, or an average of 12 cents. In some 
years, the bean brings as high as 18 cents. 

Rarely do those who grow the beans cure and market 
their crops. Others buy the green beans and make a 
business of curing and exporting them. Judging from 
the way they all get rich at the business and the differ- 
ence between the price at which they buy the green 
bean and the price at which they sell the cured, there 
must be more profit in the curing than in the growing. 
Still, in view of the price of vanilla and the demand 
for it all over the world, there are large profits for both 
parties. 

PRICE OF VANILLA LANDS. 


Wild lands, suitable for vanilla, can be bought for 
from $5 to $10 per acre. There are vanilla-producing 
»lantations in the vicinity of Papantla that could not 
»e bought for $500 an acre. Various estimates are be- 
ing furnished as to the cost per acre of converting wild 
lands into vanilla-producing plantations. Approxi- 
mately, $85 an acre is correct, which is very moderate 
for so profitable a plant. To make a success in this 
industry, a man should move his family here, turn 
every member into workers at the proper time, then 
wait and make a living at something else for four years, 
until the first crop is gathered. hey fail who try to 
make a vanilla plantation produce by the use of money 
alone. 

HOW TO SUCCEED IN THE INDUSTRY. 


The greater part of the vanilla in this consular dis- 
trict is grown about Papantla, much of which is export- 
ed from Veracruz, it being easier to reach Veracruz by 
water than Tuxpan by land. I do not regard Papan- 
tla any better for vanilla than the balance of the dis- 
trict that I have already outlined, the success being 
due tu the colonists who settled there years ago— 
patient, industrious, hardworking French people, who 
came here poor, with large families, the women and 
children all turning out to help at the necessary sea- 
sons. The most of them have since grown rich. Some 
of them are now living in France, while others con- 
tinue to make their homes in Mexico. 


POLLINATING AND HARVESTING. 


The two busy seasons of the year are during the pol- 
lination months—March, April, and May—and the 
gathering months—November, December, and part of 
January. During the balance of the year, the planta- 
tion should have absolute rest, other than keeping 
down the weeds and undergrowth. 

Many of the beans are gathered in October, some- 
times before they reach their growth, by those who see 
an opportunity of gathering them unknown to the 
owner, or by the owner for fear of losing them because 
he has not his vines where he can watch them. Beans 
gathered too soon are woody and inferior in quality, 
lacking the oil that farnishes the flavor. Good, ripe 
beans lose but little of their weight while curing; 5 
pounds of green beans will weigh 44¢ pounds when 
eured. The quality and flavor is increased by allowing 
them to mature and by proper curing. 

The curing is principally done by Spaniards who 
have followed this business. The process adopted is 
slow and laborious. The secret is to evaporate the 
water, while retaining the oil, prevent the bean from 
molding, and not injure the flavor. 


CONCLUDING REMARKS. 

Neither space nor time will allow me to go into the 
many little details necessary in planting, growing, and 
curing. In this report I only describe the kind of lands 
necessary, the best location, the profits of the business, 
the necessary requirements for successful fruitage, and 
the causes of failure. Little details can be learned 
after getting here. 

here are a few Americans already here in the busi- 
ness with plantations about ready to bear. Some have 
just started. Many others are coming, judging from 
the numerous inquiries. Heretofore, the French have 
mainly cultivated the vanilla, with now and then a 
Mexican, while the Indians hunt and gather the wild 
vanilla. 

Vanilla is principally exported to the United States— 
about $2,000,000 worth per annum. 

I write this article to answer in a general way the 
many inquiries addressed to me concerning this indus- 
try. Now that our people are embarking in it, I look 
for improved methods that will increase the produc- 
tion and simplify the process of curing. 

A. B. JONEs, Consul. 

Tuxpan, January 30, 1899. 


GROWTH ? 


‘*Iv has long been a popular idea,” says The Lancet, 
‘*that too much thinking about any particular part or 
organ may lead to disease of that portion of the body, 
but it must be confessed that very little substantial 
basis of fact has served as foundation for this super- 
structure. Dr. Carpenter was, we believe, the first to 
point out and to demonstrate by experiment that con- 
centrating the mind on a special part of the body will 
lead to a local hyperemia with sensations of tingling 
and itching, but, so far as we are aware, no true inflam- 
mation was ever produced. It is not difficult to under- 
stand that the directing of the mind toward some par- 
ticular part of the organism may alter the blood-sup- 
ply of thgt part and so may modify materially its nu- 
trition. If this be possible—and who can say it is not ? 
—it is not at all unlikely that morbid chan may re- 
sult from, or be predisposed to by, these slight begin- 
nings. It is very difficult, however, to find many cases 
which can only be explained satisfactorily by some 
such theory. r. W. H. Bennett, in a clinical lecture 
recently delivered at St. George’s Hospital, quotes two 
eases which if not convincing are at least very sug- 
gestive. In each of them increased growth of a tumor 
appeared to follow the continued concentration of the 
patient's attention on the part. It has occasionally hap- 
pened that a physician or surgeon who has paid par- 
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ticular attention to the diseases of some one o 


an 
region of the pine | ultimately suffers from an a ection 


of the same These cases, though striking, ar 
but few in number and no more numerous than would 
be expected from the laws of probability. If there wer. 
any certain foundation for such an idea, wedical mep 
might be found to hesitate before ‘specializing’ on the 
more painful and unpleasant diseases to which: the 
body is liable.” 





CARBON VAPOR IN THE SUN. 


A DAINTY piece of spectroscopic work by Professor 
George E. Hale, director of the Yerkes Observatory, 
has recently come to light, says The New York Tribune, 
although it was performed several monthsago. In the 
solar spectrum there’ were long ago recognized bands 
that indicated the presence of carbon. But whether 
that substance wasin the sun’s atmosphere or in the 
earth’s, and, if the former supposition were correct, in 
what part of the immense gaseous envelope of the orb 
of day, no one dared to say with confidence. 

It has been suggested, to be sure, that the dazzling 
brilliance of the sun is due to minute particles of solid 
carbon floating in that luminous cloud shell, the ph oto- 
sphere. But this theory, while having an air of pr.ba- 
bility, has not yet received substantial demonstration, 
Until Professor Hale took up the investigation, the 
nearest approach to evidence that there is carbon in 
the sun at all was the indefinite announcement, ir re- 
ports of the eclipse of January, 1898, that in som» of 
the photographs taken of spectra of the appendag:s of 
the sun, carbon bands had n detected. 

What Professor Hale has done is to locate the carbon 
with precision, and thus to establish its existence be 
yond a doubt. One element of his success was the size 
of his new telesco While he was still living in 
Chieago, and conducting now famous work at his 
private observatory, he had a twelve-inch refrac:or, 
which gave him an image, at the eyepiece, only ‘wo 
inches in diameter. But with the immense forty-i:ch 
refraetor at Williams Bay he is able to get a seven-iich 
image. Setting the slit of his spectroscope on the very 
edge of that image, he was able to observe hundreds of 
lines, representing the gaseous layer known as the 
ehromosphere, and lying just above the photosphere. 
Among these he found a considerable number that jad 
never before been catalogued. But he also noti-ed 
that a certain shaded band, indicating carbon «nd 
situated near the “‘smail b” line, was beautifully 
revealed. It was resolved into its component lilies, 
spaced from each other in that wonderfully rhythmical 
manner that is still a puzzle to the expert physicist. 
The clearness with which these lines were defined lad 
never before been approached. 

A new and decisive experiment was now found to be 
feasible. By aslight change in adjustment the slit of 
the spectroscope was alternately made to cover the 
edge of the photosphere—what is to ordinary peo) le 
the hard, substantial disk of the sun—and then the at- 
mospheric layer just above it—something never sen 
without instrumental aid. This shifting of the inst-u- 
ment was attended with a curious change in the cart on 
lines, At one moment they were bright and at another 
they were dark. 

Every spectroscopist knows that when an incan- 
descent gas is viewed directly it gives a bright-line 
spectrum, and when another source of light is placed 
behind it, so as to allow a different radiance to shine 
through the layer of vapor, the lines will be dark. It 
was thus demonstrated that the carbon existed in the 
form of vapor in the chromospheric layer, and tliat 
when only this a was covered by the slit of the 
sage ps bright lines were visible. But as soon as 
the slit was placed over the photosphere, the light of 
the latter, coming through the chromosphere, would 
produce black lines. 

After having settled the fact that the carbon which 
produces the familiar markings is in the solar atmo- 
sphere, Professor Hale undertook to ascertain its exact 

sitiom therein. He then found that it was in the 
owest part of the py oe When that particu- 
lar envelope was in an undisturbed condition, the ear- 
bon came first, iron next and then sodium, magnesiu'n, 
helium, calcium and bydrogen. But when an erup- 
tion occurred, tossing the chromosphere up into enor- 
mous billows and destroying all semblance of definite 
arrangement, the position was not well defined. 

Professor Hale is satisfied that the carbon layer is a 
thin one, and that normally it lies down within five 
hundred miles of the sun’s surface—a conclusion that 
harmonizes well with the notion that the glow of the 
photosphere emanates chiefly from particles of solid 
carbon suspended therein. For it is highly probable 
that the intense heat of the sun—estimated by some 
scientists at eight thousand degrees Centigrade—would 
vaporize a little of the carbon in the luminous cloud 
shell and send it up into the chromosphere. 

It was only under the most favorable conditions of 
terrestrial atmosphere and other related factors that 
Professor Hale could make these observations. Tlie 
delicacy of the work is shown by this fact. Measuring 
sizes and distances with a micrometer requires the ut- 
most stability of apparatus and steadiness of atmos- 
phere. Yet so firmly mounted is the immense refractor 
at Williams Bay, that Professor Barnard can perform 
this task while the driving clock is being wound. But 
when that operation was performed in the middle of 
Professor Hale’s examination of the spectrum of the 
chromosphere, the carbon lines disappeared in an in- 
stant. It is possible that the great thirty-six inch 
glass of the Lick Observatory, in California, may be 
able to show these lines well defined ; but with that ex- 
ception it is not likely that any other telescope in tle 
world will admit of an observation such as the talented 
young director of the Yerkes Observatory has been so 
slow in reporting. 








Woolen Quilts and Mattresses.—The Iowa State Board 
of Health has found occasion to make strict regula- 
tions in regard to woolen quilts and mattresses mace 
of old rags. It is found that these articles are mace 
from the vilest materials, gatherings of ash barrels and 
refuse of all kinds, and the cheapness of the raw mi:- 
terial permits their sale at such low rates as to give 
them a market. The danger to the public lies in the 
fact that some of the material may be infected with 
disease germs, 
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WAVE ACTION IN GUNS. 
By FREDERICK H, McGAHIE. 


Tux regularity of action of smokeless powders haz 
been made the question of the day in American 
ordnance cireles by the destruction of a rifle during 
proof at Sandy Hook. The matter is now receiving a 
thorough examination by an investigating board, and 
all knowledge derived from t experience and theo- 
retical investigation w Il be brought to bear upon this 
most important phase of propellants, for it is mani- 
festly clear that the value of higher ballistics is nega- 
tived entirely if the powder or system employed is ac- 
companied by a decrease in the safety given as com- 
pared with the one to be superseded. The facts of the 
exploxion are these: A new 10inch rifle was being 

roved by Dupont smokeless powder made in accord- 
ance with the Schipphaus-Maxim patents. Other 
rifles of the same caliber and type had been success- 
fully tested in the same manner, and the powder had 
acted normally. The powder consisted of short grains 
with <even longitudinal perforations, the formula be- 
ing the standard army one of 75 per cent. nitrocellu- 
lose and 25 per cent. nitroglycerin. In the gunin ques- 
tion » charge of 141 pounds had been fired, giving a 
press'ire Of 32,000 pounds. This charge was increased 
afew pounds to obtain the service pressure of 35,000 
poun:'s, the inerease being calculated by the Sarrau 
form: la, which has been used most satisfactorily the 
worl! over for many years. Disaster follow the 
command to fire. The breech block was blown off 
with velocity sufficient to make it penetrate the pro- 
tectiig butt directly in the rear of the gun and to kill 
the » corder of tests. The breech tube was knocked 
off. \s to the condition of the powder chamber and 
the )-st of the gun, nothing can be known definitely 
unti. the report of the investigating board appears. 
reco: cred gage indicated a pressure of 70, unds. 
Thee conditions show plainly that detonation did 
not occur, this explosive action being characterized 
by «normous pressures developed so suddenly that 
line- of least resistance are utterly ignored in the de- 
stri tive effects accompanying it. Had the charge of 
sux celess powder detonated, the whole chamber 
woiid have been subjected to an impnisive blow, 
aro:.nd 100 tons per square inch, that would have torn 
it of completely from the tube of the gun and pro- 
jected it in various sized pieces over the proving 
grounds. I doubt if a bona-fide case of detonation ofa 
gu: powder charge has ever been clearly established. 
It serves as an explanation of unknown or unestab- 
lished causes. Had the powder cracked up through 
exccessive internal pressure, the sudden increase of 
burning surface provided by the fragments would 
hae given rise to a dangerous jump in the pressure, 
which, reacting on the velocity of combustion of the 
powder, would have carried it still higher before the 
movement of the projectile had sufficiently increased 
th: expansion volume. Too long a multiperforated or 
tuular grain will break up into a few, not many, 
pie-es. But the short grains used were far within the 
lin. it, and many tons of such powder have been fired 
since 1894 without giving the slightest hint of such ac- 
tion. The firings were made in a wide range of guns, 
with wide variations of loading and ballistic conditions. 
The accident has been made the subject of several ar- 
ticles in recent numbers of the SCIENTIFIC AMERICAN 
an! SCIENTIFIC AMERICAN SUPPLEMENT. 

in the light of the above matter the theories ad vanced 
by Hiram 8. Maxim appear absurd, if indeed the re- 
plies of Hudson Maxim do not reveal the nature of 
those letters as a vicious attack upon an excellent pow- 
der, based upon personal animosities. 

The phenomenon that took place in the wrecked 
gun was undoubtedly that conforming in general to 
the theory advanced by Hudson Maxim in bis letter in 
the SCIENTIFIC AMERICAN of May 13, 1899. Condi- 
tions of loading and ignition, of which no data are at 
hand at present, originated a wave action in place of 
the normal distribution of pressure. This surging of 
the gases moved forward along the axis of the bore 
with great velocity. Meeting the base of the moving 
projectile, it was reflected back and impinged upon the 
mushroom head, which would result in compressing 
the gaseous column, running up the pressure around 
the burning charge, and accelerating abnormally the 
rate of emission of gases. This action itself would tend 
to abnormal pressures, but especialiy upon the rapid 
movement of a considerable weight of powder gases 
being arrested by the breech, the dynamic move- 
ment was translated into an impulsive blow in an axial 
direction that exceeded the endurance of the breech 
system. In some features it bore a resemblance to a 
water hammer. 

When the late Capt. Sidney E. Stuart was detailed 
by the Chief of Ordnance of the United States Army to 
take full charge of the development and manufacture 
of service powders, brown priswatic was in use and 
abnormal pressures were observed every now and then 
in proving the various lots. A few illustrations are 
given from the firing records : 

















Gun, Charge. Velocity. Pressure Remarks. 
Pounds | Foot Seconds Pounds 

l2 inch... ; 7 | poe: pm Normal 
- §| 342 | 1724 33000 

lL ineh... 350 1804 65000 Normal 

lWWineh... = | - Seene Normal 





In the above firings the increase of velocities with 
nerease of charge and variation of velocities with 
jual charges were those normal to single tests 
brown powder. The changes in pressure were 
uormous. In the first group the pressure with 406 
»unds should have been in the neighborhood of 
3°.000 pounds in place of the recorded 60,000 pound 
ii being remembered that the gages are screw 
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iito the mushroom head, and their axes are parallel 
to the axis of the bore. Neither an examination 
of the lot of powder from which the charges were 
tuken nor an inspection of the factory records of the lot 
gave any facts to which the pressure variations could 
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be pinned. M. Vieille, one of the group of French ex: 
plosive engineers who have published in the Mémorial 
des Poudres et Saltpétres some of the most valuable 
studies of explosives at our command, had investigated 
the action of powder gases in long closed tubes in con- 
nection with abnormalities found in French practice. 
He proved the existence of this wave action, and Capt. 
Stuart applied the theory to American practice with 
great success. 

It will be well to examine this work of M. Vieille. 
The apparatus consisted of ‘‘a steel tube about 40 
inches long and 2°4 inches in exterior diameter, the 
clear interior dimensions being about 35 inches 
and % inch respectively. The ends of this tube 
were threaded and received exactly similar crusher 
gages, the pistons of which carried pins external to the 
tube and projecting perpendicularly to it, designed to 
record the motions of the pistons. Ignition was ob- 
tained by an electric fuse carried by a screw plug en- 
tering from the side near one end. Obturation was 
secured by seating the plugs in copper rings. The 
tube was fastened in a horizontal fashion on a metallic 
table in the firmest manner possible. A strong axle 
placed near and rallel to the tube carried at each 
end a metal cylinder with a blackened surface, so 
placed as to receive the trace of the pen carried by the 
piston of the corresponding crusher gage. This axle 
was rotated by an electric motor by means of a pulley 
attached midway of its length, in order to avoid differ- 
ences in the torsion of the axle between the pulley and 
the two cylinders. The scale of time was obtained by 
a tuning fork making 500 vibrations per second, which 
were sustained by an electro-magnet. Various refine- 
ments.in the character and manner of this portion of 
the apparatus secured a rigorously exact scale of time, 


* and the whole apparatus operated in a manner insur- 


ing a high degree of accuracy in its indications.” 

Three kinds of powder were used in the experiments, 
(A) musket, (B) siege gun, (C) large rifle. The condi- 
tions of loading were varied in three ways, the charge 
being distributed uniformly throughout the length of 
the tube, collected at one end, or collected similarly in 
equal parts at each end. 

While the pressure was developing during an ex- 
periment, the piston of the crusher gage would move 
forward in reducing the height of the copper plug, 
and the pin carried by it would trace a curve upon the 
revolving cylinder, the tuning fork meanwhile estab- 









































NORMAL INITIAL TRACE OF PISTON PIN. 

a On 2 «o © 

A 4= 0.075 

B 4S= 0.1 

Cc O= 0.25 

—— 

ig, NaN 
c 

8 4=02 

8 A= 0.2 





lishing a time seule, As the weight of the piston was 
designedly light in accordance with the theory of 
crusher gages, the deformation of the copper plug 
would keep pace with the increase of pressures, and 
would register any momentary excess of pressure due to 
the compression of the head of a surging gaseous col- 
umn, arrested at theend where the crusher gage was. M. 
Vieille put the rectified curves into four classes, typical 
ease being illustrated in Fig. 1. Of these, a is the case 
in which the copper plug was compressed regularly to 
a normal value, b in which the deformation rose to a 
normal value by steps, ¢ in which an abnormal 
deformation was produced by steps, and d in which an 
abnormal crushing was attained at once. Selecting 
illustrative data from the experiments, the following 
table shows plainly the value of uniform distribution 
of explosives in long tubes. 

















Indicated 
Density of Pressure, Class of | 
Powdcr. ~ > : “mending | 
Loading. yay 3 . Trace, |\Conditions of Loading. 
0-05 10,000 a Uniform distribution. 
0°075 10,900 ° b Collected at firing end. 
§ 9,800 } | “ “ 4 ‘ 
0075 1 10.350 ¢ b | 
01 15.800 a Uniform distribution. 
01 23,950 « Collected at firing end. 
A { 01 20.400 c “ “ * “ 
0"1 21,850 c “ “ both ends, 
| 01 24,850 c ‘ ~e “ 
2. 
| O71 ay $} c ” * one end, 
| 02 34,500 a Uniformly distributed. 
(| o2 10; ,000 4 Collected at firing end, 
{ | Oo 29,500 1 Uniform distribution. 
B | 02 66,600 d Collected at firing end. 
02 § 51,300 | c “ “ “ 
4 1 49,300 
} . § 29,300 } 4 “ 
| ts 7 26,500 { b 
Cc 4 ¢ { |Results normal with 
1} OS } ayo ¢ b + | uniform distribution 
l (oy i | in previous tests. 
| 
Double mean lings from both gages, 





Single readings from gage opposite firing end. 


Previous experiments in much shorter ¢prouvettes 
(2 to 6 inches in length and 1 to 2°5 inches in diameter) 
had disclosed no difference in pressures with uniform 
and ununiform dispositions of explosives varying 
widely in their quickness. The tests in the long 
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éprouvette revealed another state of affairs, as indi- 
eated in the above table. Up toa certain low limit of 
density of loading, increasing with the slowness of the 
pe variations inthe placing of the charge made 
ittle or no change in pressures. Above those limits 
the collecting of the charge at one end, or of equal 
parts at both ends, caused deformation of the copper 
plugs much in excess of that given by the case of uni- 
form distribution at the same density of loading. This 
occurred with powders A and B. It would have taken 
place with C if the strength of the apparatus had per- 
mitted a higher density of loading. Referring to the 
pressure curves, all cases of uniform disposition were 
included in type a, showing that the pressure was de- 
veloped regularly. Below the density of loading limit 
ununiform conditions gave curves of type b, in which 
the pressure rose to a normal value by successive steps. 
Above that limit ununiform distribution produced 
generally curves of type c, showing a development of 
abnormal pressure by several steps, and occasionally 
of type a, representing abnormal pressure in one step. 
A study of a large number of experiments of this na- 
ture led M. Vieille to the conclusion that ‘‘ for densities 
of loading above the limiting values the crusher-gage 
coppers suffer excessive deformations, which demon- 
strate the existence of real exeessive pressures, due to 
condensations resulting from the arrest at the ends of 
the chamber of the gaseous mass in rapid motion. 

M. Vieille went further into the nature of this wave 
action, and experimented with the éprouvette sus- 
pended freely, and with crusher-gages whose pistons 
were too heavy to respond to the momentary pressures 
due to condensation at the end of the tube of the mov- 
ing gaseous column. A careful review of the matter 
led him to formulate the opinion that wave action was 
possible in large rifles when certain conditions coin- 
cided. The influence of ununiform distribution of the 
charge above certain densities of loading depending 
upon the quickness of the powder has been noticed 
The universal practice in ordnance matters is to em- 

Jloy high densities of loading, much above these 
imits. The influence of length of powder chamber 
has been indicated by the difference in results obtained 
in short and long éprouvettes. This refers to the abso- 
lute length, and not to relative length in comparison 
with the diameter. The prevalent custom of igniting 
the charge is by means of a primer placed in the breech 
block, whose explosion, acting ou the priming charge, 
would tend to set up some motion in an axial direction 
and contribute to pressure irregularity. This is borue 
out by some firings made in 1891 at Sandy Hook in two 
3°2 field guns similar in all respects except that one had 
a radial vent for ignition of the charge, while the 
other had an axial vent. Loading conditions were the 
same, and black moulded powder used in these firings. 


Pressure 
Charge. neem peenanaine 
Axial Vent. | Radial Vent. 


' 26.080 


3 pounds 5 ounces, ............--ceeees 32.500 
3 ™ a onevecceveees oe 37.000 32.450 
3 oO genous ee 41.000 33,600 
3 Sg = ‘nnanbdensubenete wah 38.400 31,000 
3 ee ee ae | 30.500 34,350 


It will be seen at once that axial ignition gave rise 
to higher and more irregular pressures than did radial 
ignition, confirmed by further tests with black and 
smokeless powders. 

It would appear that wave action may find an origi- 
nation in these conditions: Length of chamber, high 
density of loading, end ignition, quickness of pow- 
der, and ununiform distribution. he first three of 
these attend every firing of the large rifles of the day, 
and it may possibly be that the system of gaseous pro- 
ducts of explosion is always on the verge of some de- 
gree of wave action that other causes may change, ac- 
cording to their nature, into mere irregularities or 
large and dangerous jumps in the pressure at the 
breech of the gun and extending more or less into the 
chamber. 

Capt. Stuart noticed that abnormal pressures oc- 
eurred With brown powder in the tests at Sandy Hook 
usually with reduced charges Full charges were 
fixed to extend the length of the chamber, but smaller 
eharges were generally reduced in length and not in 
diameter, providing thereby another favorable condi- 
tion ‘for wave action. Loading regulations were put 
into force then at Sandy Hook, designed to secure uni- 
form distribution and regularity of inflaimmation of 
the charge. The Chief of Ordnance of the United 
States Arinyv was able to report a year and a half later: 
‘The occurrence of excessive wave pressure, frequently 
experienced in the earlier stages of our tests of brown 
powder, has been practically overcome.” 

Smokeless powders are at one disadvantage com- 
pared with brown prismatic. Any accidental varia- 
tions in conditions that give rise to an abnormal pres- 
sure jump will carry it further with smokeless than 
with brown powder, for the rate of emission of gases 
increases more rapidly with the pressure in the former 
than in the latter. The relation in question is 


Ve Px 


in which V is the velocity of combustion of the pow- 
der at any pressure P, and 2 an exponential constant 
depending upon the powder used. M. Vieille has given 
these experimental values for 2: Brown prismatic 
powder, 0°45; black powder, 055; smokeless powder 
of 50 per cent. military guncotton and 50 per cent. 
nitroglycerin, 0°55; smokeless powder of 50 per cent. 
soluble nitrocellulose and 50 per cent. nitroglycerin, 
0°60; and smokeless powder entirely of military gun- 
cotton, 0°66. Furthermore, in a gun the action isa 
multiplying one. Some variation causes an irregu- 
lar jump in the pressure; this increase makes the 
powder burn faster and deliver a large amount of 
gas. This additional increment of pressures increases 
still further the rate of emission, and so each reacts on 
the other until the movement of the projectile or the 
destruction of the gun relieves the pressure. This will 
indicate the complexity of the smokeless powder ques- 
tion. That article we must have. It involves the 
drawback just stated. On the other hand, a more 
uniform product is possible in commercial manufac- 
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ture. ‘Then, again, in smokeless powders the intro 
duction of nitroglycerin in quantity gives one witha 
lower rate of emission exponent, manufactured more 
rapidly and cheaply and having far higher ballistic 
properties than a guncotton powder. But nitro- 
glycerin means a bigh degree of erosive action at least, 
while many contend that it introduces a dangerous 
mechanical stability into powders and generally lay 
any trouble with w nitroglycerin powder to its presence. 
It is indeed a puzzling matter. 

To revert to the accident at Sandy Hook, it would 
seem reasonable that, if the inner jackets of the cham- 
ber show no signs of a general dangerous stress, wave 
action may be safely considered as the cause, coupled 
possibly with some weakness in the breech system of 
this particular rifle. If the chamber exhibits plainly 
that an excessive pressure existed throughout it, wave 
action must still have a prominent consideration, but 
the physical condition of this lot of powder enters into 
the case. Multiperforated powder can be badly made 
just as well as any other powder. Commercial methods 
may sometimes diverge from good practice. In 1897 
the United States navy rejected 835,700 pounds of 
brown powder in getting 699,847 pounds of satisfactory 
powder. Badly warped and cracked multiperforated 
powder would not redound to the credit of the system 
through the results secured in firings. Shipments of 
cordite bave been rejected on these grounds. 

Let us examine multiperforated powder as regards 
uniformity and regularitv, as these bear upon the 
starting of wave action. The generalformula may: be 
varied to produce powders running from a pure gun- 
cotton to a 60 per cent. nitroglycerin basis. In addi- 
tion to the incorporation in the usual mixing machine, 
the ingredients are further mixed and kweaded 
thoroughly on rolls. From the press the powder is- 
sues in rods having exactly the cross section imposed 
by the forming die. Good practice in manufacturing 
insures that the shrinkage in drying is small and regu- 
lar. this shrinkage occurring with all powders made 
with solvents. It is less in multiperforated powder 
than in other powders, and is distributed through at 
least three burning thicknesses iv place of the one thick- 
ness of solid grains. The final dimensions of grains 
are completely in the control of the manufacturer, and 
accordingly all working details contribute toa maxi- 
mum uniformity of powder. Matters still favor it in 
the gun. The gravimetric density of the grain is 
greater than with any other shape; that is, a given 
weight of wultiperforated powder of any formula, with 
a given least dimension, will occupy more volume than 
the same weight made un into any solid grain with the 
same least dimension. Under these conditions more 
multiperforated powder can be used for a given pres- 
sure than is possible with the other powders. The 
natural result is that the chamber is more fully filled 
by the charge, and the danger of ununiform distribu- 
tion through accident obviated to that degree. Anes- 
sential poiot to regular pressures is regularity of in- 
flammation of the powder by the priming charge. For 
this condition the multiperforated grain is ideal, since 
the perforations of the grain-and the air spaces be- 
tween the short cylinders afford an easy path for the 
igniting gases to penetrate and start simultaneous 
combustion throughout the entire charge: -Laminal 
and cubical grains are sadly lacking in this respect, 
and their firing records testify to it. The mechanical 
integrity and structure of the grain rests here, as in 
other powders, with the personal equation of the fac- 
tory. The company that developed the powder in 
question used the most trying formula, and yet every 
lot delivered gave a satisfactory account in guns, 
running from the 6-pounder rapid-fire gun to the 12- 
inch rifle, exciting coument by its remarkable uni- 
formity and regularity of action. Another word in re- 
gard to the Hiram Maximized theory of internal ex- 
plosion of the grains. Were it true nothing but solid 
rods are permissible. Yet nobody objected to brown 
powder with its central hole, or to short tubular 
amokeless powder. The short grains afford easy pass- 
age for the gases of internal combustion in their initial 
dimensions, and combustion increases the area of the 
passage as the square of the linear enlargewent, while 
the burning surface is growing only in direct ratio. 
The best testimony of the erroneousness of the theory 
is given by some grains in the possession of Pr. R. C. 
Schiipphaus. 

Afrer a firing in the 3°2-inch fleld gun of a somewhat 
slow multiperforated powder, the pressure being 30,000 
pounds, grains were found in the sand in frout of the 
gun burned out perfectly, so that the circular perfora- 
tions were almost tangent. Though quite fragile, they 
were perfectly intact. Another sample is an extra 
slow powder fired in an 8-inch rifle at 15,000 pounds 
pressure. It is burned up about half and in first-class 
eondition. Again, after a firing in an 8-inch rifle at 
85,000 pounds pressure, I picked up many of the curvi- 
linear rods formed by the burning out of powder with 
circular perforations. Their heights were all uniform, 
and equal to the original heights less twice the burning 
thickness, as was to be expected from the combustion 
at both ends. I regret that the absence of Dr. Schtipp- 
haus does not allow photographs of the grains men- 
tioned, but the SCIENTIFIC AMERICAN ARMY SUPPLE- 
MENT contains one of the grains partly burned at 
5,000 pounds pressure. 

Stretching down across the State of lowa, commencing 
at the Minnesota line, lies a belt of counties which in 
the future may be rightly named the Egypt of lowa, 
says The Rockford (lowa) Register. The territory in- 
eluded in this belt is from 100 to 150 miles in width, 
and embraces what were known as the slough lands of 
the State in an early day—a region prolific in tall blue 
joint grass, frog ponds, small lakes, and possessing a 
black gumbo soil of unsurpassed fertility and dura- 
bility. In the pioneer days men starved out in the 
effort to bere grow a crop, the excess of moisture in 
the soil defeating their best efforts. Ditching, tilling, 
and cultivation have changed this condition, and to- 
day the world does not possess a more productive and 
fertile region. While the slopes and hills of the valley 
land bordering our great rivers already show marked 
evidences of exhaustion, this Egypt of the central 
black lands is coming to its own, and its marvelous 
productiveness is just beginning to be appreciated. 
As between the white farm on the hills and the black 
farm in the territory referred to, there is an immeasura- 
ble difference. 
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This unique work appeals to the professional and the amateur alike 
and will prove a welcome addition to any library. The illusions are illus- 
trated by the highest class of engravings. 

Great attention is paid to the exposés of 
large and important illusions; these have 
been in many cases furnished by the presti- 
digitateurs themselves. Some of the most 
important tricks of Robert Houdin, Bautier 
de Kolta, Heller, and Herrmann are ex- 
= Conjuring is not neglected, a se- 
ection of some of the best known of these 
tricks having been made. Fire-eaters, 
sword-swallowers, ventriloquists, shadow- 
araphists, all come in forashare of atten- 
tion, while the chapter on “ Mental Magic” 
describes simple means of performing sec- 
ond-sight. 

Such entertainments as cycloramas, fire- 
works, etc., are also treated, and all well 
illustrated with original nares Auto- 
mata and curious toys are then described. 

This work is acknowledged by the Proe 
fession to be 


THE STANDARD WORK ON MAGIC. 


The section devoted to Photographic Di- 
versions is very complete, giving the meth- 
od of producing astonishing trick photo- 
graphs. The method of taking and project- 
ing moving photographs is described in de- 
tail—the vitascope, the cinematograph, the 
mutoscope, and the mutograph being fully 
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It has influenced thousands of men in the choice of a career. It wil! give 
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What the Press says of ‘‘ Experimental Science.’’ 


“Mr. Hopkins has rendered a valu- 
able service to experimental physics.” 

Evening Post. 

“The book is one of very practical 
character, and no one of ascientific turn 
of mind could fail to find in its pages a 
fund of yaluable information.” —Zlectric 
Ag. 

“The work bears the stamp of a 
writer who writes nothing but with cer- 
tainty of action and result, and of a 
teacher who imparts scientific informa- 
tion in an attractive and fascinating 
manner.” —American Engineer. 

“ It should be found in every library.” 








np @ book would be a most judicious 
holiday gift.”—Engineering and Mining 
Journal. iia! 

Mr. Thomas A. Edison says: “ The 
practical character of the physical ap 
paratus, the clearness of the descriptive 
matter, and its entire freedom from 
mathematics, give the work a value in 
my mind superior to any other work on 
elementary physics of which I am aware.’ : 

Prof. D. W. Hering, University of the City of New York, says: “ I know 
of no work that is at the same time so popular in style and so scientific in 
character.” 

Prof. W. J. Rolfe, of Cambridgeport, Mass., writes: “The book is by 
far the best thing of the kind | have seen, and | can commend it most 
cordiaiy and emphatically.” 

Hundreds of cordial recommendations from eminent Professors 
and Scientific men. 
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dents as published in the ScilEN- 
TIFIC AMERICAN during the past 
tifty years ; together with many val- 
uable and important additions, 

Over twelve thousand 
selected receipts are here collected ; 
nearly every branch of the useful 
arts being represented. It is by far 
the most comprehensive volume of 

» kind ever placed before the 


work may be regarded as 

product of the studies and prac- 

tical experience of the abiest chem- 
ists and workers in all parts of the 
world; the information given being 
of the highest value, arranged and 
condensed in concise form, conven- 

} tent for ready use. 

, Almost every inquiry that can 
be thought of, relating to formule 
used in the various manufacturing 
industries, wiil here be found an- 
swered. 

. Those who are in search of in- 
dependent business or employment relating to the home manufacture of 
salable articles, will find in it hundreds of most excellent suggestions. 
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